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A HALF- CENTURY OF EVOLUTION, WITH 

SPECIAL REFERENCE TO THE EFFECTS 

OF GEOLOGICAL CHANGES ON 

ANIMAL LIFE. 1 

ALPHEUS S. PACKARD. 

Only a little less than fifty years have passed since the pub- 
lication of Darwin's Origin of Species, and the general accept- 
ance by naturalists of the theory of descent. Since 1848 the 
sciences of embryology, cytology, and comparative anatomy 
based on embryology, or, as it is now called, morphology, have 
been placed on a firm foundation. It is but little over half a 
century since the uniformitarian views of Lyell were promul- 
gated. The cell doctrine was born in 1839 ; the view that 
protoplasm forms the basis of life was generally received forty 
years since ; fifty years ago the doctrine of the conservation 
of forces was worked out, and already by this time had the 
idea of the unity of nature dominated the world of science. 

On the fiftieth anniversary, therefore, of our Association it 
may not be out of place, during the hour before us, first, briefly 

1 Address of the Vice-President and Chairman of Section F, Zoology, at the 
fiftieth anniversary meeting of the American Association for the Advancement 
of Science, Boston* August, 1898. 
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to inquire into the present state of evolution and its usefulness 
to zoologists as a working theory, and then to dwell more at 
length on the subject of the effect of geological changes on 
animal life. 

The two leading problems which confront us as zoologists 
are : What is life ? and How did living beings originate ? 
We must leave to coming centuries the solution of the first 
question, if it can ever be solved ; but we can, as regards 
the second, congratulate ourselves that, thanks to Lamarck, 
Darwin, and others, in our day and generation a reasonable 
and generally accepted solution has been reached. 

Time will not allow us to attempt to review the discoveries 
and opinions which have already been discussed by the founders 
and leaders of the different schools of evolutionary thought, and 
which have become the common property of biologists, and are 
rapidly permeating the world's literature. 

It may be observed at the outset that, if there is any single 
feature which differentiates the second from the first half of 
this century, it is the general acceptance of the truth of epi- 
genetic evolution as opposed to the preformation or incasement 
theory, which lingered on and survived until a late date in the 
first half of the present century. 1 The establishment of the 

1 The theory of incasement (embottement), propounded by Swammerdam in 
1733, was that the form of the larva, pupa, and imago of the insects preexisted 
in the egg, and even in the ovary ; and that the insects in these stages were dis- 
tinct animals contained one inside the other, like a nest of boxes, or a series of 
envelopes one within the other ; or, in his words : " Animal in animali, seu papi- 
lio intra erucam reconditus." Reaumur (1734) also believed that the caterpillar 
contained the form of the chrysalis and butterfly, saying : " Les parties des papil- 
lon cachees sous le fourreau de chenille sont d'autant plus faciles a trouver que 
la transformation est plus proche. Elles y sont neanmoins de tout temps." He 
also believed in the simultaneous existence of two distinct beings in the insect. 
" II serait tres curieux de connaitre toutes les communications intimes qui sont 
entre la chenille et le papillon. ... La chenille hache, broye, digere les aliments 
qu'elle distribue au papillon ; comme les meres preparent ceux qui sont portes 
aux foetus. Notre chenille en un mot est destinee a nourrir et a defendre le papil- 
lon qu'elle renferme." (Tome i, 8e Memoire, p. 363.) 

It was not until 181 5 that Herold exploded this error, though Kirby and Spence 
in 1828, in their Introduction to Entomology, combated Herold's views and main- 
tained that Swammerdam was right. As late as 1834, a century after Swammer- 
dam, Lacordaire in his Introduction a V Entomologie, declared that " a caterpillar 
is not a simple animal, but compound," and he actually goes so far as to say that 
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epigenetic view is largely due to exact investigation and 
modern methods of research, but more especially to the results 
of modern embryology and to the fairly well digested facts we 
now have relating to the development of one or more types of 
each class of the animal kingdom. 

To use a current phrase, the evolution theory as now held 
has come to stay. It is the one indispensable instrument on 
which the biologist must rely in doing his work. It is now 
almost an axiomatic truth that evolution is the leaven which 
has leavened the whole lump of human intellectual activity. It 
is not too much to claim that evolutionary views, the study of 
origins, of the beginning of organic life, the genesis of mental 
phenomena, of social institutions, of the cultural stages of dif- 
ferent peoples and of their art, philosophy, and religion, — that 
this method of natural science has transformed and illuminated 
the philosophy of the present half -century. 1 

" a caterpillar at first scarcely as large as a bit of thread, contains its own tegu- 
ments threefold and even eightfold in number, besides the case of a chrysalis, and 
a complete butterfly, all lying one inside the other." This view, however, we find 
is not original with Lacordaire, but was borrowed from Kirby and Spence without 
acknowledgment. These authors, in their Introduction to Entomology (1828), 
combated Herold's views and stoutly maintained the old opinions of Swammer- 
dam. They based their opinions on the fact, then known, that certain parts of 
the imago occur in the caterpillar. On the other hand, Herold denied that the 
successive skins of the pupa and imago existed as germs, holding that they are 
formed successively from the rete mucosum, which we suppose to be the 
hypodermis of later authors. In a slight degree the Swammerdam-Kirby and 
Spence doctrine was correct, as the imago does arise from germs, i.e., the imaginal 
discs of Weismann, while this was not discovered by Herold, though they do at 
the outset arise from the hypodermis, his rete mucosum. Thus there was a grain 
of truth in the Swammerdam-Kirby and Spence doctrine, and also a mixture of 
truth and error in the opinions of Herold. 

The discovery by Weismann of the imaginal discs or buds of the imago in the 
maggot of the fly, and his theory of histolysis, or of the more or less complete 
destruction of the larval organs by a gradual process, and his observation of the 
process of building up of the body of the imago from the previously latent larval 
buds, was one of the triumphs of modern biology. It is therefore not a little 
strange to see him at the present day advocating a return to the preformation 
views of the last century in the matter of heredity. Of course it goes without 
saying, as has always been recognized, that there is something in the constitution 
of one egg which predestines its becoming an insect, and in that of another which 
destines it to produce a chick. 

1 It is worthy to mention that just fifty years ago, in his Future of Science, 
written in 1848, at the age of 25, Renan, who first among philosophers and stu- 
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It is naturally a matter of satisfaction and pride to us as 
zoologists that, though evolution has been in the air from the 
days of the Greek philosophers down to the time of Lamarck, 
the modem views as to the origin of variations, of adaptation, 
of the struggle for existence, of competition, and the preserva- 
tion of favored organs or species by selection, are the products 
of single-minded zoologists like Darwin, Wallace, Fritz Miiller, 
Semper, and Haeckel. It is the work of these men, supple- 
mented by the labors of Spencer and of Huxley, and the pow- 
erful influence of the botanists Hooker and Gray, all of whom 
contributed their lifelong toil and efforts in laying the founda- 
tion stones of the theory, which has brought about its general 
acceptance among thinking men. It is these naturalists, some 
of them happily still living, who had worked out the principle 
of evolution from the generalized to the specialized, from the 
simple to the complex, from chaos to cosmos. 

The doctrine of evolution has been firmly established on a 
scientific basis by many workers in all departments of biology, 
and found not only to withstand criticism from every quarter, 
but to be an indispensable tool for the investigator. The 
strongest proof of its genuine value as a working theory is 
that it has, under the light shed by it, opened up many an 
avenue of inquiry leading into new fields of research. It is 
based on the inductive method, the observation and arrange- 
ment of a wide series of facts. Moreover, it explains a vast 

dents of comparative philology adopted the scientific method, i.e., the patient 
investigation of as wide a range of facts as possible, wrote : " I am convinced 
that there is a science of the origins of mankind, and that it will be constructed 
one day, not by abstract speculation, but by scientific researches. What human 
life in the actual condition of science would suffice to explore all the sides of this 
single problem ? And still, how can it be resolved without the scientific study of 
the positive data? And if it be not resolved, how can we say that we know man 
and mankind ? He who would contribute to the solution of this problem, even 
by a very imperfect essay, would do more for philosophy than by half a century 
of metaphysical meditation" (p. 150). Again he says: "The great progress of 
modern thought has been the substitution of the category of evolution for the cate- 
gory of the being ; of the conception of the relative for the conception of the 
absolute, of movement for immobility. Formerly everything was considered as 
'being' (an accomplished fact) ; people spoke of law, of religion, of politics, of 
poetry in an absolute fashion. At present everything is considered as in the 
process of formation " (p. 169). 
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complex of facts, and enables us to make predictions, the true 
test of a scientific theory. Biology is not an exact science, 
hence the theory is not capable of demonstration like a prob- 
lem in mathematics, but is based on probabilities, the circum- 
stantial evidence being apparently convincing to every candid, 
well-trained mind. 

The methods and results of natural science, based as they 
now are on evolutional grounds, have, likewise, appealed to the 
historian, the philologist, the sociologist, and the student of 
comparative religion, whose labors begin with investigations 
into the origins. 

It goes without saying that, thanks to the initiative of the 
above-named zoologists, every department of intellectual work 
and thought has been rejuvenated and rehabilitated by the 
employment of the modern scientific method. All inquiring 
minds appreciate the fact that, throughout the whole realm of 
nature, inorganic as well as organic, physical, mental, moral, and 
spiritual, there was once a beginning, and that from a germ, 
by a gradual process of differentiation or specialization, the com- 
plex fabric of creation has, by the operation of natural laws and 
forces, been brought into being. All progress is dependent on 
this evolutionary principle, which involves variation, adaptation, 
the disuse or rejection of the unfit, the use or survival of the 
fittest, together with the mechanical principle of the utmost 
economy of material. 

Though the human mind has its limitations and the chief 
arguments for evolutibn have been drawn from our observations 
of the history of our own planet and of the life existing upon 
it, the nebular hypothesis teaches us that the same process 
has determined the origin of other worlds than ours, and applies 
in fact to all the other members of our solar system, while with 
little doubt the principle may be extended to the entire universe. 

At all events, evolutionary modes of thinking have now 
become a second nature with philosophic, synthetic minds, and 
to such any other view is inconceivable. We teach evolution in 
our colleges and universities, and the time is rapidly approach- 
ing, and in some instances has already come, when nature 
studies and the facts of biology forming the grounds of the 
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evolutionary idea will be taught in our primary and secondary 
schools. 

The rapidity with which evolutionary conceptions have taken 
root and spread may be compared to the rankness of growth of 
a prepotent plant or animal on being introduced into a new 
territory where it is free from competition. It has indeed 
swept everything before it, occupying a field of thought which 
hitherto had been unworked by human intelligence. 

The immediate effect, and a very happy one, of the accept- 
ance of the theory of descent on working zoologists is to 
broaden their minds. Collectors of insects and shells or of 
birds and mammals, instead of being content simply to acquire 
specimens for their cabinets, are led to look during their field 
excursions for examples of protective mimicry, or to notice 
facts bearing on the immediate cause of variation. Instead of 
a single pair of specimens, it is now realized that hundreds and 
even thousands collected from stations and habitats wide apart 
are none too many for the study of variation as now pursued. 

The race of " species grinders " is diminishing, and the study 
of geographical distribution, based as it is on past geographical 
changes and extinctions, is now discussed in a far more philo- 
sophical way than in the past. The most special results of 
work in cytology and morphology are now affording material 
for broad work in phylogeny and heredity. 

On the other hand, it must be confessed that, as the result 
of the acceptance of evolutionary views, our literature is at 
times flooded with more or less unsound hypotheses, some 
tedious verbiage and long-winded, aerial discussions, based 
rather on assumptions than on facts. But on the whole, per- 
haps, this is a healthy sign. Too free, exuberant growths will 
be in the long run lopped off by criticism. 

One tendency should be avoided by younger students, that 
of too early specialization, and of empirical work without a 
broad survey of the whole field. In some cases our histologists 
and morphologists rise little above the intellectual level of 
species describers. Expert in the use of the microtome and of 
reagents, they appear to have but little more general scientific 
or literary culture than high-class mechanics. The chief anti- 
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dote, however, to the danger of narrowness is the lessons derived 
from evolutionary thought and principles. 

Finally, as a proof of the value of evolutionary ideas to the 
present generation, let us suppose for a moment, if it were 
conceivable, that they should be blotted out. The result, it is 
safe to say, would be equivalent to the loss of a sense. 

It is a matter of history that when a new idea or principle, 
or a new movement in philosophy or religion, arises, it at first 
develops along the line of least resistance ; the leaders of 
the new thought acquire many followers or disciples. Soon the 
latter outstrip their teachers, and go to greater extremes ; 
modifications of the original simple condition or theory occur, 
and as the final result there arise schisms and differentiations 
into new sects. This has happened in science, and already we 
have evolutionists divided into Lamarckians and Darwinians, 
with a further subdivision of them into Neolamarckians and 
Neodarwinians, while the latter are often denominated Weis- 
mannians. Some prefer to rely on the action of the primary 
factors of evolution, others believe that natural selection 
embraces all the necessary factors, while still others are 
thoroughly persuaded of its inadequacy. 

The result of this analytical or differentiating process will 
probably be an ultimate synthesis, a belief that there is a com- 
plex of factors at work. Of these factors those originally 
indicated by Lamarck, with the supplementary ones of com- 
petition and natural selection bequeathed by Darwin, are the 
most essential and indispensable, and it is difficult to see how 
they can be displaced by other views. Meanwhile all agree, 
and it was never more firmly established than at this moment, 
that there is and always has been unceasing energy, movement, 
and variation, a wonderful adaptation and harmony in nature 
between living beings and their surroundings. 

The present status of evolution in its different phases or 
attitudes since the time of the appearance of Darwin's Origin 
of Species may be roughly pointed out as follows : — 

1. The claim by some thinkers of the inadequacy of Darwin- 
ism as such, or natural selection, to account for the rise of 
new species, and the assignment of this factor to what they 
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believe to be its proper place among the other factors of 
organic evolution. 

2. The renascence of Lamarckism under the name of Neola- 
marckism, being Lamarckism in its modern form. This school 
relies on the primary factors of evolution, on changes in the 
environment, such as the agency of the air, light, heat, cold, 
changes in climate, use and disuse, isolation, and parasitism, 
while it regards natural, sexual, physiological, germinal, and 
organic selection, competition or its absence, and the inherit- 
ance of characters acquired during the lifetime of the indi- 
vidual, as secondary factors, calling into question the adequacy 
of natural selection as an initial factor. 

3. The rise of the Neodarwinian school. While Darwin 
soon after the publication of the Origin of Species somewhat 
changed his views as to the adequacy of natural selection, and 
favored changes in the surroundings, food, etc., as causes of 
variation, his successors, Wallace, Weismahn, and others, believe 
in the " all-sufficiency " of natural selection. Weismann also 
invokes panmixia, or the absence of natural selection, as an 
important factor ; also amixia, and denies the principle of 
inheritance of acquired characters, or use-inheritance. 

4. A third school or sect has arisen under the leadership of 
Weismann, who advocates what is in its essence apparently a 
revival of the exploded preformation, incasement, or "evolu- 
tion " theory of Swammerdam, Bonnet, and Haller, as opposed 
to the epigenetic evolutionism of Harvey, Wolff, Baer, and the 
majority of modern embryologists. On the other hand, there 
are some embryologists who appear to accept the combined 
action of epigenesis and evolution in development. 

5. Attention has been concentrated on the study of varia- 
tions and of their- cause. Opinion is divided as to whether 
variation is fortuitous, or definite and determined. Many now 
take exception to the view, originally held by Darwin, that 
variations are purposeless and fortuitous, believing that they 
are, for example, dependent on changes in the environment 
which were determined in early geological periods. For 
definite variation, Eimer proposes the term orthogenesis. 
Minute variations dependent on climatic and other obscure 
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and not readily appreciable causes are now brought out clearly 
by a system of varied and careful quantitative measurements. 

6. More attention than formerly is given to the study of 
dynamical evolution, or kinetogenesis ; to the effect of external 
stimuli, such as intermittent pressure, mechanical stresses and 
tensions by the muscles, etc., on hard parts. Originally sug- 
gested by Herbert Spencer, that the ultimate cause or mechani- 
cal genesis of the segmentation of the vertebrate skeleton was 
due to transverse strains, the segmentation of the bodies of 
worms and arthropods, as well as of vertebrates, has been dis- 
cussed by recent workers- (Ryder, Cope, Meyer, Tornier, Hirsch, 
and others). Here should be mentioned the work done in 
general physiology, or morphogenesis, by Verworm, Davenport, 
and others. Also the discoveries of Pasteur, and the applica- 
tion by Metschnikoff and of Kowalevsky of phagocytosis to 
the destruction and renewal of tissues during metamorphosis, 
bear closely on evolutional problems. 

7. A new field of research founded by Semper, Vilmorin, 
and Plateau, and carried on by De Varigny, is that of experi- 
mental evolution, involving the effects of artificial changes of 
the medium, including temperature, food, variation in the 
volume of water and of air, absence of exercise, movement, 
etc. Also should be added horticultural experiments which 
have been practised for many years, as well as the results of 
acclimatization. 

Here should be mentioned the experiments bearing on the 
mechanics of development (Entwickelungsmechanik der Organ- 
ismen), or experimental embryology, of Oscar Hertwig, Roux, 
Driesch, Morgan, and others, and the curious results of animal 
grafting and of mutilations of the embryos, obtained by Born 
and others, as well as the regeneration of parts. The remark- 
able facts of adaptation to new and unfavorable conditions 
of certain embryos are as yet unexplained, and have led to 
considerable discussion and research. 

8. The a priori speculations of Darwin, Galton, Spencer, 
Jaeger, Nusbaum, Weismann, and others, based on the results 
of the labors of morphologists and cytologists, have laid the 
foundation for a theory of the physical basis of heredity, and 
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for the supposition that the chromatin in the nucleus of 
reproductive cells is the bearer of heredity. The theory has 
already led to prolonged discussions and opened up new lines 
of work in cytology and embryology. 

9. The subject of instinct, discussed both by morphologists 
and psychologists, particularly by Lloyd Morgan, has come 
to the front, while mental evolution has been discussed by 
Romanes and others. 

With all these theories before us, these currents and 
counter currents in evolutional thought bearing us rapidly 
along, at times perhaps carrying us somewhat out of our 
depth, the conclusion of the whole matter is that in the 
present state of zoology it will be wise to suspend our judg- 
ment on many theoretical matters, to wait for more light, and 
to confine our attention meanwhile to the observation and 
registration of facts, to careful experiments, and to repeated 
tests of mere theoretical assumptions. 

Meanwhile we may congratulate ourselves that we have been 
born and permitted to labor in this nineteenth century, the 
century which in zoological science has given us the best years 
of Lamarck's life, a Cuvier, a Darwin, a von Baer, an Owen, 
an Agassiz, a Haeckel, a Spencer, and a Huxley — the founders 
of modern zoology' — who have sketched out the grander 
features of our science so completely that it will, perhaps, be 
the work of many coming years to fill in the details. 



Geological Causes of Variation and of the Extinction 
and Renewal of Species. 

The most immediate and efficient cause of variation appears 
to be changes of environment or of the physical conditions of 
existence. These, besides the agencies of gravity, electricity, 
of the atmosphere, light, heat, cold, food, etc., comprise geo- 
logical changes or revolutions in the topography of the earth's 
surface at different periods. The latter causes appear to have 
had much to do with the process of extinction and renewal of 
plants and animals. 
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While the doctrine of the effect on animals of a change of 
environment was suggested very early in this century and 
forms the corner stone of Lamarckism, Wallace was, after 
De la Beche 1 and especially Lyell, 2 the first in recent times, 
in an essay published in 1855, to call attention to this subject 
thus : 

" To discover," he says, " how the extinct species have from time to 
time been replaced by new ones down to the very latest geological period, 
is the most difficult, and at the same time the most interesting problem in 
the natural history of the earth." 3 

Still more recently 4 he remarks : 

" Whenever the physical or organic conditions change, to however small 
an extent, some corresponding change will be produced in the flora and 
fauna, since, considering the severe struggle for existence and the complex 
relations of the various organisms, it is hardly possible that the change 
should not be beneficial to some species and hurtful to others." 

Two conclusions are now generally accepted : the first is, 
that the most complete evidence of evolution is afforded by 
paleontology. Huxley's vigorous affirmation that the primary 
and direct evidence in favor of evolution can be furnished only 
by paleontology has been greatly strengthened by recent dis- 
coveries. The second is, that biological evolution has been 
primarily dependent on physical and geological changes. 

It may not be unprofitable for us as zoologists to pass in 
review some of the revolutions in geological history, particu- 
larly as regards our own continent, some important details of 
which have recently been worked out by geologists, and to 
note the intimate relation between these revolutions and the 
origination not only of new species but of new faunae, and 
indeed, at certain epochs, of new types of organic life. 

1 . Precambrian Revolutions. — That immensely long period 
which intervened between the time when our planet had cooled 
down and become fitted for the existence of animal life, and 
the opening of the Cambrian period, was evidently a time of 
the geologically rapid production of ordinal and class types of 

1 Researches in Theoretical Geology, p. 217. New York, 1837. Quoted by 
Woodworth, p. 220. 3 Natural Selection, p. 14. 

2 Principles of Geology. 1839. 4 Darwinism, p. 115. 1889. 
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invertebrate life. This is strongly suggested by the fact that 
a large proportion of the Cambrian classes embrace forms as 
highly specialized as their successors of the present day, so 
that we are compelled to look many ages back of the Cambrian 
for the appearance of their generalized ancestral forms. 

Of the eight branches of phyla, of the animal kingdom, the 
remains of seven, or all except the vertebrates, have been found 
in Cambrian strata. Adopting the kind of statistics employed 
by Prof. H. S. Williams in his admirable Geological Biology, 
but with some changes necessitated by a little different view as 
to the number of classes living at the beginning of the Cam- 
brian period, it appears that 13 out of 26 classes of the 
animal kingdom, occurring in a fossil condition, already existed 
in the Cambrian, and, if we throw out from the vertebrate 
classes those without a solid skeleton (the Enteropneusta or 
Balanoglossus, Tunicates, Amphioxus, and the lampreys), 13 
out of 22. Also, if we exclude the land forms (Arachnida, 
Myriopoda, and insects), 13 out of 19; and then, throwing out 
the five vertebrate classes found in a fossil state, of 14 inverte- 
brate marine classes 13 occur in the Cambrian. 1 With little 
doubt, flatworms, nemerteans, Nematelminthes, and Gephyrea 
existed then, and probably the representatives of other classes 
of which no traces will ever occur. 

We shall for our present purpose follow the classification of 
the United States Geological Survey and restrict what was 
formerly called the Archaean to the fundamental gneiss and 
crystalline schists of an unknown thickness, and accept the 
Algonkian, as comprising the Huronian and Keweenawan 
formations. We may assume that the first beginnings of life 
took place toward the end of the Archaean, and that the more 
or less rapid differentiation of class types went on during 
Algonkian time. This view is fortified by the statement of 
Walcott that a great orographic movement, followed by long- 
continued erosion, took place between the Archaean and 
Algonkian ages. 

1 Should the Polyzoa be traced back to the Cambrian, as it is not at all 
impossible, the fact would remain that every class of marine invertebrates with 
solid parts is represented in the Cambrian. 
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Taking as an example of the nature of the Algonkian 
changes one region alone, the Lake Superior region, where 
the stratigraphical record is more complete, we have : — 

1. The Lower Huronian schists, limestone, quartzites, con- 
glomerates, etc., with their eruptives, closely folded and attain- 
ing a maximum thickness of probably over 5000 feet. 

2. The Upper Huronian, unconformable to the Lower, a 
series of more gently folded schists, slates, quartzites, con- 
glomerates, interbedded and cut by trap, with a maximum 
thickness of 12,000 feet. In the Animikie quartzites of this 
age have, according to Selwyn, been detected a track of organic 
origin, and in the Minnesota quartzites, Lingula-like forms, as 
well as obscure " trilobitic-looking " impressions ; while carbo- 
naceous shales are abundant. 

3. Between these Huronian rocks and the true Cambrian 
series are interpolated the Keweenawan elastic rocks, with a 
maximum thickness of 50,000 feet. Though these beds are by 
some high authorities referred to the Cambrian, the fact remains 
that this series, whether Cambrian or Algonkian, is unconform- 
able to the Huronian, and composed of . f ragmental rocks, the 
upper division being 15,000 feet thick, and consisting wholly 
of detrital material largely derived from the volcanoes of the 
same series. Between each series is an unconformity repre- 
senting an interval of time long enough for the land to have 
been raised above the seas, for the rocks to have been folded 
and to have lost by erosion thousands of feet, and for the land 
to have sunk below the surface of the ocean. 

Again, between the Precambrian and Cambrian there was, 
according to Walcott, a great uplift and folding of rock, 
succeeded by long-sustained erosion, over all the continental 
area. It was not, however, he states, "as profound as the one 
preceding Algonkian time, as is proved by the more highly 
contorted and disturbed Archaean rocks beneath the relatively 
less disturbed Algonkian series." 1 

The evidence of the existence of life forms in the Huronian 
and Keweenawan times is indicated by the presence of thick 

1 The North American Continent during Cambrian Time. Tlvelfth Ann. Rep. 
U. S. Geological Survey, p. 544. 
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beds of graphitic limestone, beds of iron carbonates, and by a 
great thickness of carbonaceous shales, which are represented 
by graphitic schists in the more altered strata. In the Animikie 
rocks on the northern shores of Lake Superior Ingall finds 
abundant carbon, and it is said that in certain mines and open- 
ings rock gas forms to a considerable extent. Also small quan- 
tities of rock may even be obtained which will burn. " These 
substances must result from the ordinary processes which 
produce rock gas and coal in the rocks of far later age. The 
hydrocarbons which occur so abundantly in the slightly meta- 
morphosed shales of the Huronian about Lake Superior must 
be of organic origin," and if so, the graphitic schists of the 
same system " are in all probability only these hydrocarbo- 
naceous shales in a more altered condition." 

As to the fossils actually detected in what are by some 
geologists regarded as Algonkian strata, Winchell has detected 
a Lingula-like shell in the pipestones of Minnesota. Selwyn 
has described tracks of animals in the Upper Huronian of Lake 
Superior. Murray, Howley, and Walcott have discovered several 
low types in the Huronian of Newfoundland, i.e., a mollusk 
(Aspidella terranovica) 1 and traces of a worm (Arenicolites 
spiralis), the latter said to occur in the primordial rocks of 
Sweden. Walcott reports the discovery in the Grand Canon 
of the Colorado of the following Precambrian fossils : "A 
minute discinoid or patelloid shell, a small Lingula-like shell, a 
species of Hyolithus, and a fragment of what appears to have 
been the pleural lobe of the segment of a trilobite belonging 
to a genus allied to the genus Olenellus, Olenoides, or Para- 
doxides. There is also an obscure Stromatopora-like form 
that may not be organic." 

Here should be noted the discovery, in 1896, of Radiolaria 2 

1 Dr. G. F. Matthew writes me as follows regarding this supposed fossil : " I have 
seen Aspidella terranovica in the museum at Ottawa and doubt its organic origin. 
It seems to me a slickensided mud-concretion striated by pressure. I have found 
similar objects in the Etcheminian olive-gray beds below the St. John group." 

2 Dr. Matthew likewise writes me : " The (Radiolarian ?) rocks of Adelaide, 
South Australia, Mr. Howchin writes to me he now finds to be Lower Cambrian. 
He has found Archasocyathus in them ; but this is not proof of Lowest Cambrian, 
as the genus is found in the'Paradoxides beds of the South of France." 
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in calcareous and cherty rocks of " undoubted Precambrian 
age" near Adelaide, Australia (Nature, Dec. 24, 1896, p. 192); 
the detection of fossils in the Archaean of Brittany, and of three 
veins of anthracite " in crystalline schists of Archaean age " in 
Ecuador. 

At St. John, New Brunswick, that able and experienced 
geologist, Dr. G. F. Matthew, has detected fossils in strata 
which he refers to the Upper Laurentian. They occur in three 
horizons. The lowest series is composed of a quartzite con- 
taining fragments of the skeletons of hexactinellid sponges allied 
to Cyathospongia. In the upper limestone of the second horizon 
were collected calcareous coral-like structures resembling Stro- 
matopora rugosa. In the third and uppermost horizon, consisting 
of beds of graphite, occurred great numbers of spicules of 
apparently hexactinellid sponges. " Between this upper Lauren- 
tian system and the basal Cambrian occurs," says Matthew, "a 
third system, the Coldbrook and Coastal, Huronian, which has 
given conglomerates to the Cambrian and has a great thickness." 
He also tells us that the Precambrian St. Etcheminian beds at 
St. John, consisting of red and green slates and shales, have a 
meager fauna, comprising Protozoa, Brachiopoda, echinoderms, 
mollusks, with plentiful worm burrows and trails. In com- 
menting on this subject Sir J. W. Dawson remarks that these 
Etcheminian strata rest on Huronian rocks which, near Hastings, 
Ontario, contain worm burrows, sponge spicules, "and laminated 
forms comparable to Cryptozoon and Eozoon." (Nature, Oct. 
15, 1896, p. 585.) 

Even allowing room for error in the correlation of these 
formations, and in regarding some of these rocks as no older 
than Cambrian, yet on the whole the result appears to be that 
abundant vegetation existed in Precambrian times, which was 
converted into graphite, while representatives of seven classes 
were perhaps already in existence previous to the Cambrian 
period. 

The following lists give a comparative view of the classes of 
the periods in question : 
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Precambrian Classes. Cambrian Classes. 

Rhizopoda (Radiolaria). Rhizopoda (Foraminifera and Radi- 

olaria). 
Porifera (Hexactinellid Sponges). Porifera (Sponges). 

Hydrozoa (Medusae and Graptolites). 
Actinozoa (Corals). Actinozoa (Corals). 

Brachiopoda. Brachiopoda. 

Annelida. Annelida. 

Crinoidea. 

Asteroidea. 

Lamellibranchiata. 
Mollusca. Gastropoda (including Pteropoda). 1 

? Cephalopoda (Orthoceras ?). 
Trilobita. Trilobita. 

Crustacea. 

It would seem from these data that the physical. condition of 
the sea and atmosphere was favorable to the existence of types 
for aught we know quite or nearly as highly specialized as those 
of the same classes now in existence. Life and nature in the 
Precambrian went on, so far as we can tell, much as in Cambrian 
times. Though locally there are breaks in the continuity of 
geological processes, yet probably over the world generally 
there was a continuity of geological phenomena, and on the 
whole a tolerably unbroken series of organic forms. 

It is obvious, however, that in the regions thus far examined, 
the Precambrian, whether we include the Archaean or not, more 
than at any time since, though the land areas are by some con- 
sidered to be of small extent, was a period of widespread and 
profound changes in the distribution of land and sea. While it 
is generally supposed that the extent of the continental areas 
at the beginning of Paleozoic time was small, forming islands, 
Walcott is inclined to the belief that it was very considerable, 
stating : 

The continent was larger at the beginning of the Cambrian period than 
during any epoch of Paleozoic time, and probably not until the development 
of the great fresh-water lakes of the Lower Mesozoic was there such a broad 

1 Dr. Matthew writes me that he doubts if Hyalithoid shells should be referred 
to Pteropoda. " Pelsineer quite repudiates them ; and to me their heavy shells, 
and frequent habitat on rough shores, do not speak of the fragile Pteropoda." 
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expanse of land upon the continental platform between the - Atlantic and 
Pacific oceans. The agencies of erosion were wearing away the surface of 
this Algonkian continent and its outlying mountain barriers to the eastward 
and westward, when the epoch of the Lower Cambrian or Olenellus zone 
began. The continent was not then new. On the contrary, it was approach- 
ing the base level of erosion over large portions of its surface. The present 
Appalachian system of mountains was outlined by a high and broad range, 
or system of ranges, that extended from the present site of Alabama to 
Canada, and subparallel ranges formed the margins of basins and straits to 
the east and northeast of the northern Paleo-Appalachian or the Paleo- 
Green Mountains, and their northern extension toward the Precambrian 
shore line of Labrador. The Paleo-Adirondacks joined the main portion 
of the continent, and the strait between them and the Paleo-Green Moun- 
tains opened to the north into the Paleo-St. Lawrence Gulf, and to the south 
extended far along the western side of the mountains and the eastern 
margin of the continental mass to the sea that carried the fauna of the 
Olenellus epoch around to the Paleo-Rocky Mountain trough. (Loc. cit., 
p. 562.) 

Remarking on the habitat, or nature and extent of the sea 
bottom tenanted by the Olenellus or Lower Cambrian fauna, 
Walcott remarks : 

One of the most important conclusions is that the fauna lived on the 
eastern and western shores of a continent that, in its general configuration, 
rudely outlines the North American continent of to-day. Strictly speaking, 
the fauna did not live upon the outer shore facing the ocean, but on the 
shores of interior seas, straits, or lagoons that occupied the intervals between 
the several ridges that rose from the continental platform east and west of 
the main continental land surface of the time. {Loc. cit., p. 556.) 

Dana had previously (1890) claimed that the earth's features, 
even to many minor details, were defined in Archaean time 
(evidently referring to all Precambrian time), and that "Archaean 
conditions exercised a special and even detailed control over 
future continental growth." May not this idea be extended to 
include the life of the Precambrian, and may we not suppose 
that biological variations and evolutions were predetermined, to 
some degree at least, by the geological conditions of these 
primeval ages ? The continental masses were then foreshadowed 
by submarine plateaus covered by shallow seas, the deeper 
portions of the ocean basins not being affected by these 
oscillations, extensive as they were. 
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The time which elapsed between the end of the Laurentian 
and beginning of the Cambrian was immense, "or, at least, as 
long as the entire Paleozoic era. Walcott estimates the length 
of the Algonkian at 17,500,000 years. This length of time, or 
even a portion of it, was long enough for the origination and 
establishment of those classes, whose highly specialized descend- 
ants flourished in the Cambrian. Referring to the Precambrian 
strata Walcott states : 

That the life in the pre-OIenellus seas was large and varied there can be 
little if any doubt. The few traces known of it prove little of its character, 
but they prove that life existed in a period far preceding Lower Cambrian 
time, and they foster the hope that it is only a question of search and 
favorable conditions to discover it. 1 

Here the imagination of the zoologist may be allowed for the 
moment free scope to act. It is perhaps not hazardous to 
surmise that in the early centuries or millenniums of the 
Huronian there arose from some aggregated or compound 
infusorian, the prototype of the sponges. 

From some primitive gastrula, which became fixed to the 
Huronian sea bottom, may have arisen the hydroid ancestor of 
the Ccelenterates ; owing to its fixed mode of life, the primitive 
digestive cavity opened upwards, being held in place by the 
septa, so that the vase-shaped body, growing like a plant, with 
the light striking upon it from all sides, assumed a radial 
symmetry. Before the beginning of the Cambrian, for we 
know Aurelia-like forms abounded on the Cambrian coasts, 
medusae budded out from some hydroid polyps, became free 
swimming, and as a result of their living at the surface became 
transparent, and thus shielded from the observation of whatever 
enemies they had, multiplied in great numbers. 

From somereptant gastrsea there may have sprung, in these 
primeval times, an initial form with a fore-and-aft, dorso-ventral 
and bilateral symmetry, which gave origin by divergent lines of 
specialization to flatworms, nemerteans, and roundworms, as 
well as Rotifera, and other forms included among the Vermes. 
It is probable that the trematodes and cestodes, especially the 

1 The Fauna of the Lower Cambrian or Olenellus Zone. Tenth Ann. Rep. U. S. 
Geological Survey, 1888, 1889. 
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latter, whose organs have undergone such reduction by para- 
sitism, and some of which through disuse have totally dis- 
appeared, did not evolve until some time after the appearance 
of mollusks and fishes. 

When existence in these early plastic vermian forms was 
confined to boring in the mud and silt, the body became cylin- 
drical, as in some nemerteans, and in the threadworms ; some 
of the latter forms, boring into the mud, became parasites, 
entering the bodies of other animals which serve as their 
hosts. 

At about this time certain worms, as the simple mechanical 
result perhaps of threading their way over or through the 
rough gravelly bottom, became segmented. The establishment 
of a segmented structure, brought about by the serpentine 
mode of progression in the direction of least resistance, resulted 
in the origination of a succession of levers. Following this 
annulated division of the dermo-muscular tube of worms was 
the serial or segmental arrangement of the internal organs, i.e., 
the nervous, excretory, reproductive and glandular, and, in a less 
degree, the circulatory system. 

In certain of these primitive protannelids, as the result per- 
haps of external stimuli intermittently applied, bristles origi- 
nated' to aid in progression, and finally the segmen tally arranged 
lateral flaps of the skin, the parapodia, which served as swim- 
ming organs. Other nepionic forms, at first free swimming, 
became fixed and protected by two valves, as in the Brachi- 
opoda, which owe their success in Precambrian times to their 
fixed and protected bodies. 

Not long after the annelid type. became established, that 
of the echinoderms apparently diverged from some nepionic 
worm, like a trochosphere. In such a form there was a tend- 
ency to the deposition of particles and plates of lime in the 
walls of the body, and the type becoming fixed at the bottom, 
or at least nearly stationary, and meanwhile more or less pro- 
tected by a calcareous armor, lost its originally bilateral, and 
acquired a radial symmetry. 

But no echinoderms have yet been detected in Precambrian 
rocks, which, however, have revealed arthropods, as shown by 
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the traces of a trilobite, and this tends to indicate that radial 
symmetry is an acquired, not a primitive characteristic. 

At this time was solved the problem of the origination of a 
type of body, and of supports for it either in walking or in 
swimming, which should fulfill the most varied conditions of 
life, and this type, the arthropodan, as events proved, was that 
fitted for walking over the sea bottom, for swimming, or for 
terrestrial locomotion ; nor was the idea of segmentation both 
in trunk and limbs discarded when the type culminated in 
flying forms, — the insects. 

The Arthropoda, as the record shows, first represented by 
trilobites, which structurally are nearer the annelids than 
Crustacea, was destined to far outnumber in individuals, spe- 
cies, orders, and classes, any other phylum. Fundamentally 
worm-like or annelid in structure, the body consisted of a linear 
series of stiff levers, and was supported by limbs segmented in 
the same way. The variations of the arthropodan theme are 
greater than in any other groups, and nature, so to speak, suc- 
ceeded most admirably in this type, with the exception of the 
Trilobita, which was the first class of the phylum to appear and 
the first to disappear. The evolution of jointed limbs was 
accomplished in the most economical and direct way. The para- 
podia were perhaps utilized, and at first retaining their form in 
swimming phyllopods, afterwards from being used as supports, 
became cylindrical and jointed. All this modification of mono- 
typic forms and evolution from them to other types was accom- 
plished not very late perhaps in the Precambrian. After the 
specialization of the antennae and of the trunk segments of the 
trilobites was worked out, all the postantennal appendages being 
alike, there ensued in some descendant of another vermian 
ancestor a further differentiation of the postantennal append- 
ages into mandibles, maxilla?, maxillipedes, thoracic ambulatory 
legs, arid abdominal swimming feet, as worked out in the more 
specialized members of the class of Crustacea. 

As soon as the crustacean type became established, the con- 
ditions must have been most favorable for its rapid differentia- 
tion along quite divergent lines, for in the Cambrian strata 
occur the remains of four orders, viz., the Cirrhipedia, Ostra- 
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coda, Phyllopoda, the sole Cambrian form (Protocaris mars hi) 
related to the modern Apus, and the Phyllocarida. Of these 
the barnacles and ostracodes with their multivalve or bivalve 
carapaces are the most specialized, and in the case of the 
former the process of modification due to this fixed mode of 
life must have required ages, as must also the development 
of that highly modified vermian type, the Brachiopoda. 

Indeed, the three lines of descent which resulted in the arthro- 
podan phylum, as it now exists, unless there were three inde- 
pendent phyla, were perhaps initiated before the Cambrian. 
These lines are : (1) the Trilobita, with their probable succes- 
sors the merostomes and arachnids ; (2) the Crustacea ; and (3) 
the myriopods and insects. Of the third line Peripatus or a 
Peripatus-like form was the earliest ancestor, which of course 
must have been terrestrial in habits, though its forefather may 
have been some fresh-water leech-like worm. We venture to 
state that it is not wholly impossible that so composite a type 
as Peripatus, which bears at least some of the marks of being 
a persistent type, took its rise on the continental land of the 
Precambrian. 

In the Precambrian time was also solved the problem by the 
mollusks of producing a spiral univalve shell ; for while a large 
proportion of the Gastropoda were protected by patella-like 
shells of simple primitive conical form, with these coexisted, in 
the Lowest Cambrian, forms with spiral shells, such as Platyceras 
and Pleurotomaria. The comparative abundance of those highly 
modified mollusks, the Pteropoda, in the lowest or Olenellus 
Cambrian strata, strongly suggests that their divergence from 
the more generalized gastropod stem, and their adaptation to a 
surface or pelagic life, must have taken place long anterior to 
the dawn of, the Cambrian. 1 With them must have lived 
a variety of other surface forms besides Rhizopoda, whose 
young served as their food. The members of all classes of 
the Cambrian were carnivorous, feeding on the protoplasm of 

1 Dr. Matthew has discovered at St. John, N. B., a still lower and older bed, 
containing no Olenellus, but Foraminifera (Orbulina and Globigerina), sponges, 
Pteropoda, Pelagiella, which was probably an oceanic heteropod, very primitive 
brachiopods, with Ostracoda and six genera of trilobites. 
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the bodies of microscopic animals, or on the eggs and young 
of their own species, some living on the bottom, and others at 
the surface. Of marine plants of the Cambrian there are but 
slight traces, and it is evident that what there were were 
restricted to the coasts and to shallow water. The old idea that 
plants originally served as the basis of. animal life must be dis- 
carded. As at present no plant life exists below a few fathoms, 
a hundred perhaps at the most, and since below these limits 
the ocean depths are packed with animal life which exists 
entirely on the young or the adults of weaker forms, so must the 
rise and progress of animal life have been quite independent 
of that of plants. The lowest plants and animals may have 
evolved from some common bit of protoplasm, some protist, 
but the evolution of the animal types became very soon vastly 
more complex. The specialization of parts and adaptation to • 
the environment were more thorough and rapid in the lowest 
animals evidently in consequence of the greater power of loco- 
motion, and aggressiveness in obtaining food from living organ- 
isms, and the adaptability of animal life to various oceanic 
conditions, especially temperature, bathymetrical conditions 
and a varying sea bottom. 

This rapid differentiation and multiplication of different fam- 
ily, ordinal, and class ancestral types went on without those 
biological checks which operated in later times, when the seas 
and land masses of the globe became more crowded. There 
was a comparative absence of competition and selection ; this 
being due to the lack of predaceous carnivorous forms to pro- 
duce that balance in nature which afterwards existed. The 
two most successful and abundant types were the trilobites and 
brachiopods ; but the former were not especially aggressive in 
their habits, undoubtedly taking their food in a haphazard way 
by burrowing in the mud or sand, having much the same kind 
of appendages and the same feeding habits as Limulus. The 
brachiopods were fixed or burrowed in the sand, straining the 
microscopic organisms drawn into the mouth by the currents 
set up through the action of their ciliated arms. The most 
destructive and aggressive Cambrian animals known to us 
were the orthoceratites, but their remains have not yet been 
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detected below the second Cambrian zone. Even if some pro- 
tocordate Balanoglossus, ascidians, or even Amphioxus had 
already begun their existence in these Precambrian times, they 
could have caused but a little more destruction of life than their 
contemporaneous invertebrate allies. As the remains of Ostra- 
codermi and sharks have been detected in Trenton strata, per- 
haps they originated in the Cambrian, when they must have 
been active forces in the elimination of those Precambrian soft- 
bodied animals which connected classes now quite wide apart. 

The rapid increase in the Precambrian population was has- 
tened by the probable fact that this, more than any subsequent 
period, was one of rapid migration and colonization. Vast 
areas of the shallow depths over the site of the embryo conti- 
nent, more or less shut off from the main ocean by shoals, 
reefs, and islands, were, by oscillations of the sea bottom and 
land, opened up at various times to migrants from the older 
previously settled seas. 

The nature of the Precambrian sediments shows that the 
more open sea bottom was swept by tidal and ocean currents 
varying in strength and extent. The topography of the ocean 
bottom over what is now land must have been more diversified 
than at present. In the late ages of the Algonkian, owing to 
active competition and the struggle for existence in the over- 
stocked areas, the process of segregation or geographical isola- 
tion was rapidly effected, and the migrants from the denser 
centers of growth pressed into the then uninhabited areas 
where, as new, vigorous, and prepotent colonists, they broke 
ground and founded new dynasties. 

At such times as these we can easily imagine that, besides 
the absence of competition, the Lamarckian factors of change 
of surroundings bringing about new habits and thus inducing 
new needs, the use and disuse of organs, together with the 
inheritance of characters acquired during the lifetime of the 
individual, operated then far more rapidly and in a much more 
thoroughgoing way than at any period since, while all through 
this critical, creative period, as soon as there was a sufficient 
diversity in the incipient forms and structures, a selective 
principle began to operate. 
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For forty years past, since the time of Darwin, the idea that 
these early forms were more rapidly evolved, and that they were 
more plastic than forms now existing, has constantly cropped 
out in the writings of our more thoughtful and studious paleon- 
tologists and biologists. 

Darwin, in his Origin of Species, as quoted by Walcott with 
approval, remarked that it is indisputable that, before the Low- 
est Cambrian stratum was deposited, long periods elapsed, as 
long as, or probably far longer than, the whole interval from 
the Cambrian age to the present day ; and that " during these 
vast periods the world swarmed with living creatures." Darwin 
then adds : " It is, however, probable, as Sir William Thompson 
insists, that the world at a very early period was subjected to 
more rapid and violent changes in its physical conditions than 
those now occurring ; and such changes would have tended to 
induce changes at a corresponding rate in the organism which 
then existed." 

Professor Hyatt, 1 from his exhaustive studies on the 
Nautiloidea and Ammonoidea, concludes : 

These groups originated suddenly and spread out with great rapidity, 
and in some cases, as in the Arietidae of the Lower Lias, are traceable to an 
origin in one well-defined species, which occurs in close proximity to the 
whole group in the lowest bed of the same formation. These facts, and 
the acknowledged sudden appearance of large numbers of all the distinct 
types of invertebrates in the Paleozoic, and of all the greater number of 
all existing and fossil types before .the expiration of Paleozoic time, speak 
strongly for the quicker evolution of forms in the Paleozoic, and indicate a 
general law of evolution. This, we think, can be formulated as follows : 
Types are evolved more quickly and exhibit greater structural differences 
between genetic groups of the same stock while still near the point of 
origin, than they do subsequently. The variations or differences may take 
place quickly in the fundamental structural characteristics, and even the 
embryo may become different when in the earliest period, but sttbsequently 
only more superficial structures become subject to great variations? 

If this applies to the evolution of these cephalopods in the 
Mesozoic, how much more rapidly and efficaciously did the 
principle operate in the Precambrian period, after the initial 

1 Phylogeny of an Acquired Characteristic. Proc. Amer. Phil. Soc, vol. xxxii, 
p. 371. 2 Geological Biology, p. 322. 
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steps in the divergence of types from the unicellular Protozoa 
took place ? The same law of fact obtains with the insects, 
the eight holometabolous orders having, so far as the evidence 
goes, originated at nearly the same geological date, near or soon 
after the close of the Paleozoic era. Williams also shows from 
a study of the variations of Atrypa reticularis that this species 
in its specific characters shows a greater degree of variability 
of plasticity in the earlier than in the later stages of its history. 
We thus conclude that after the simplest protoplasmic organ- 
isms originated, the greatest difficulties in organic development, 
i.e., the origination of the founders of the different classes, were, 
so to speak, met and overcome in Precambrian times. The 
period was one of the rapid evolution of types. As Williams 1 
has well remarked : 

The chief expansion of any type of organism takes place at a relatively 
early period in its life-history. Since then, as with the evolution of the con- 
tinent itself, the farther progressive differentiation of marine invertebrate 
forms has, since the close of the Precambrian, been a matter of detail. 

As well stated by Brooks, since the first establishment of 
the Cambrian bottom fauna, "evolution has resulted in the 
elaboration and divergent specialization of the types of structure 
which were already established, rather than in the production 
of new types." 

In accepting the general truth of this statement and its 
application to the marine or Cambrian types, it may, however, 
be modified to some extent. For during the late Paleozoic 
was witnessed the evolution of the three tracheate, land-inhabit- 
ing, air-breathing classes of Arachnida, Myriopoda, and insects, 
and of the air-breathing vertebrates, with limbs and lungs, com- 
prising the four classes of amphibians, reptiles, birds, and 
mammals. 

2. The Appalachian Revolution and its Biological Results. — 
Unless we except the great changes in physical geography 
which took place at the end of the Tertiary period, when the 
mountain chains of each continent assumed the proportions we 
now see, the Appalachian revolution, or the mountain building 
and continent making at the close of the Paleozoic age, was 

1 Loc. cit, p. 347. 
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the most extensive and biologically notable event in geological 
history. In its effects on life, whether indirect or direct, it was 
of vastly greater significance than any period since, for con- 
temporaneous with, and as a consequence of, this revolution 
was the incoming of the new types of higher or terrestrial 
vertebrates. Through the researches, now so familiar, in the 
field and study, of the two Rogerses, of Dana, and of Hall, 
we know that all through the Paleozoic era at least some 
30,000 to 40,000 feet of shoal water sediments, both marine 
and fresh water, derived from the erosion of neighboring lands, 
were accumulated in a geosynclinal trough over the present site 
of the range extending from near the mouth of the St. Law- 
rence to northern Georgia. At the end of the era ensued a 
series of movements of the earth's crust resulting from the 
weight of this vast accumulation, which in a geologically brief 
period sank in, dislocated, and crushed the sides of the trough, 
and folded the strata into great close parallel folds, besides 
inducing more or less metamorphism. These folds rising from 
a plateau formed mountain ranges perhaps as high as the Sierra 
Nevada or Andean Cordillera of the present day. The plateau 
emerged above the surface of the Paleozoic ocean, and was 
carved and eroded into mountain peaks, separated by valleys 
of erosion, the rivejs of the Appalachian drainage system 
cutting their channels across the mountain ranges. 

But this process of mountain building and erosion was not 
confined to the end of the Paleozoic era. Willis x has shown 
that there have been several successive cycles of denudation, 
covering a period extending from the end of the Paleozoic era 
to the present time. And it is the fact of these successive 
cycles of denudation both on the Atlantic and Pacific slopes 
of our continent that is of high significance to the zoologist 
from the obvious bearings of these revolutions on the produc- 
tion of variations. Indeed it is these phenomena which have 
suggested the subject of this address. 

We can imagine that this great plateau, in the beginning of 
the Mesozoic era, with its lofty mountain ranges and peaks 
rising from the shores of the Atlantic, presented different 

1 National Geographical Magazine, vol. i (1889), pp. 291-300. 
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climatic zones, from tropical lowlands with their vast swamps, 
to temperate uplands, stretching up perhaps to Alpine summits, 
with possibly glaciers of limited extent filling the upper parts 
of the mountain valleys. New Zealand at the present day has 
a subtropical belt of tree ferns, while the mountains bear 
glaciers on their summits ; and in Mexico, only about 20 from 
the tropics, rising above the tropical belt, is the temperate 
plateau, and farther up the subalpine snow-clad summits of 
Popocatepetl, Orizaba, and other lofty peaks. So in the Appa- 
lachians of the Paleozoic, the cryptogamous forests and their 
animal life may have been confined to the coastal plains and 
lowlands, while on the higher, cooler levels may have existed 
a different assemblage of life; and it is not beyond the reach 
of possibility that a scanty subalpine flora peopled the cooler 
summits. 

But the unceasing process of atmospheric erosion and river 
action continued through the Jurassic, which was, as stated by 
Scott in his Introduction to Geology, "a time of great denu- 
dation, when the high ranges of the Appalachian Mountains 
were much wasted away, and the newly upheaved, tilted, and 
faulted beds of the Trias were deeply eroded." At about the 
time of the opening of the Cretaceous the range was reduced 
to a peneplain (the Cretaceous peneplain), with only vestiges 
of once lofty mountains, the scenic features roughly recalling 
those of North Carolina and New England at present, although 
more subdued and featureless, more like the Kittatinny pene- 
plain of the Piedmont district at the eastern base of the Blue 
Ridge to-day as contrasted with the present mountain region 
of Pennsylvania and New Jersey. There were also extensive 
changes in the interior. What was the Colorado island was 
added to the mainland, and a great Mediterranean sea extended 
from the Uinta Mountains of southeastern Wyoming to New 
Mexico and Arizona, and stretched from the Colorado penin- 
sula westward to Utah. In the Upper Jurassic as the result of 
a depression a gulf was formed over northern Utah, Wyoming, 
and southern Montana (Scott). 

The formation of this Cretaceous peneplain was succeeded 
by a reelevation, and the surface which is now Virginia was 
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gradually raised to a height of 1400 feet, and again the slug- 
gish rivers of the Cretaceous times were revivified, cutting 
through the harder strata forming the walls of the longitudinal 
valleys, and, widening into broad estuaries, emptied into the 
Atlantic. 

In the Eocene Tertiary, as Willis tells us, " the swelling of 
the Appalachian dome began again. It rose 200 feet in New 
Jersey, 600 feet in Pennsylvania, 1700 feet in southern Virginia, 
and thence southward sloped to the Gulf of Mexico." In con- 
sequence of the renewed elevation, the streams were revived ; 
and Willis adds : " Once more falling swiftly they have sawed, 
and are sawing, their channels down, and are preparing for the 
development of a future base-level." 1 

We can in imagination see, as the result of these widespread 
physical changes, inducing as they must have done the forma- 
tion of separate basins or areas enclosed by mountain ranges, 
with different climates and zones on land, however uniform 
might have been the general temperature of the world at that 
time and the other physical conditions of the sea, — we can 
imagine the profound and deep-seated influence thus exerted 
on the life-forms peopling the uneven surface of the land. 

The vegetation of the lowlands was rich and luxuriant, as 
the Triassic (Newark) coal deposits near Richmond testify, and 
while the uplands and hills were probably clad with dense 
forests of conifers, on the drier desert areas of the peneplain 
the trees may have been more scanty, like the scattered pines 
of the drier elevated region of the southwest, and of the Great 
Basin at the present day. The distribution of the animal life 
must have corresponded ; one assemblage, especially the amphi- 
bians, characterizing the hot and humid lowlands, another the 
cooler uplands, while already perhaps a few forms became 
adapted to the more arid desert areas, as is the case now in 
Australia, which is in a sense a Mesozoic continent. 

Similar subsidences and elevations changed the Jurassic map 

in Eurasia. This continent was already a land mass of great 

extent, and fresh-water lakes extended across Siberia, and in 

China were extensive swamps and submerged lands, now repre- 

1 Quoted from Scott's Introduction to Geology, p. 342. 
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sented by coal fields. Afterwards in the Middle Jura this con- 
tinent subsided, and the Jurassic sea covered the greater part 
of Europe and Asia, this being, according to Neumayr, " one 
of the greatest transgressions of the sea in all recorded geo- 
logical history." Subsidences and elevations resulted, it is 
supposed, in cutting off India from Eurasia so that the strait 
or sea covered the site of the Himalayas, and India was pos- 
sibly joined to Australia, the Malaysian peninsula forming the 
connecting link ; or perhaps it stretched to the southwestward 
and was joined to South Africa. However this may be, it is 
sufficient for our present purpose that these vast changes in 
the relative position of land and sea were productive of a corre- 
sponding amount of variation, and perhaps of immigration and 
consequent isolation. At all events, throughout the Jurassic 
seas as a whole there seemed to have been remarkable faunal 
differences. This led Neumayr, in which he is followed by 
Kayser, 1 to conceive that there were already in Jurassic times 
climatic zones, corresponding to the boreal, polar, north and 
south temperate, and tropical zones of the present day. If, 
however, with Scott, we reject this view, and substitute for it 
the supposition that " the marked faunal differences are due to 
varying facies, depth of water, character of bottom, etc., and 
even more to the partly isolated sea basins and the changing 
connections which were established between them," it is of 
nearly the same import to the geological biologist, for these 
varying conditions of the Jurassic ocean bottom could not have 
been without their influence in causing variation, modification, 
and adaptation to this or that set of conditions of existence. 

Turning now to the effects of the Appalachian revolution on 
the life of that time, we see that the biological results were, in 
the main, in conformity with the geological changes. During the 
Carboniferous period vertebrates with limbs and lungs appeared, 
i.e., the labyrinthodonts or Stegocephala. They were, compared 
with the other orders of their class, the most composite and 
highly organized of the Amphibia. 

Throughout the long period of comparative geological quiet, 

1 Text-Book of Comparative Geology, translated and edited by Philip Lake, 
pp. 270, 271. 
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those long ages of preparation which ended in the crisis or 
cataclysm which closed the Paleozoic, the amphibian type was 
slowly being evolved in the swamps and bayous of the low- 
lands of the Devonian, whose vegetation so nearly anticipated 
that of the Carboniferous, from some Devonian x or late Silurian 
ganoids, from which diverged on the one hand Dipterus and 
the colossal lungfish (Dinichthys and Titan ichthys) of the 
Devonian, and perhaps on the other the labyrinthodonts, which 
may have sprung from some crossopterygian fish like Polyp- 
terus, and whose pectoral and ventral fins became adapted for 
terrestrial locomotion. The type evidently was brought into 
being, provoked by, and at the same time favored by, the 
great extent of low coastal swampy land and bodies of fresh 
water which bordered the Atlantic seaboard from the Silurian 
time on. 

How the amphibian type arose from the ganoid stock is a 
matter of conjecture. It may, however, be surmised that 
certain of the lungfishes or forms like them, adapted for 
breathing the air direct when out of the water in the dry 
season, instead of remaining in their mud cells waiting for the 
rains to fill the lakes or swell the rivers, attempted, like the 
Anabas, or climbing fish, to migrate in schools overland ; or, 
like that fish which is said to have become " so thoroughly a 
land animal that it is drowned if immersed in water," 2 it may 
have become confined to the land, and, losing its gills, used its 
lungs only. As the final result of its efforts to walk over the 
damp soil and mud of swampy regions, the uniaxial fins may 
have developed, through the strains and pressures of supporting 
the clumsy body, into props with several leverage systems ; the 
basalia instead of remaining in one place, as in a fish's fin, 
spreading out and becoming digits to support the weight and 
steady the body while walking. This process was not confined 
to one or to a few individuals, but, as Lamarck insists in the 
cases he mentions, it affected all the individuals over a large 
area. Those individuals with incipient limbs became erased or 

1 Certain footprints recently discovered in the Upper Devonian show that the 
type had become established then, at least vertebrates with legs and toes. 

2 Parker and Haswell's Text-Book of Zoology, vol. ii, p. 220. 
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swamped, and we find no trace of them in the strata yet 
examined. 

Thus far, indeed, paleontology is silent l as to the mode of 
origin of the amphibian limb, as it is concerning the origin of 
arthropod limbs from the parapodfa of annelids. Unfortu- 
nately, and this is still a weak point in the evolution theory, 
nowhere do we find, unless we except the Archasopteryx, clear 
examples of any intermediate forms between one class and 
another ; each species, as far as its fossil remains indicate, seems 
adapted to its environment. 

There are numerous cases of vestigial structures, but no 
rudimentary ones showing distinct progressive steps in a 
change of function. Hence arises the very reasonable view 
held by some that nature may make leaps,, and that new 
adaptations or organs may be suddenly produced. No inad- 
apted plant or animal as an entire organism has ever been 
observed either among fossils or existing species. Man has 
some seventy vestigial structures, but his body as a whole, not- 
withstanding the disadvantages of certain useless vestiges, is 
in adaptation to his physical and mental needs. 

While the true Carboniferous labyrinthodonts were few and 
generalized, with gills and four legs, already in the Permian, 
where we meet with some thirty forms in the Ohio beds alone, 
and about as many in Bohemia, a great modification and spe- 
cialization had taken place. Forms like Peleon and Branchio- 
saurus had gills and four legs ; others were like our lizards, as 
in Keraterpeton ; Dendrerpeton and Hylonomus of Nova 
Scotia were more lizard-like and with scales ; others, perhaps, 
swam by means of paddles, as in Archegosaurus ; others, like 
the " Congo snake," were snake-like, with small, weak legs, as 
CEstocephalus ; some had gills but no legs, as in Dolichosoma, 
while in others the limbless body was snake-like and scarcely 

1 Paleontology is also equally silent as to the origin of pleisosaurs and ichthyo- 
saurs from their terrestrial digitigrade forbears ; though in Archaeopteryx we have 
an unusually suggestive combination of reptilian and avian features. Certain 
Theriodontia point with considerable certainty to the incoming of mammals such as 
the Echidna and duckbill, but as to the steps which led to the origin of brachio- 
pods, echinoderms, trilobites, of Sirenians and of whales, paleontology affords no 
indications. 
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larger than earthworms, as in Phlegethontia of the Ohio and 
Ophiderpeton of the Bohemian coal measures. 

Already, then, in Permian times the stegocephalous type 
showed signs of long occupation, old age, and degeneration. 
The process of degeneration and reduction in, and loss of, limbs 
may have been initiated as far back as the closing centuries of 
the Devonian. 

The effect of the Appalachian revolution and corresponding 
physical changes in Europe was by no means disastrous to the 
Stegocephala, for those of the Liassic, where the conditions 
must have been more formidable to terrestrial vertebrate life, 
were abundant, and in some cases at least colossal in size. 
Whether the salamanders, ccecilians, sirens, and Amphiuma of 
present times are persistent types, survivors of Carboniferous 
times, or whether the process of modification has been accom- 
plished a second time within the limits of the same class, is, 
perhaps, a matter for discussion. 

Besides the introduction and elaboration of the air-breathing, 
four-footed labyrinthodonts, the sloughs and sluggish streams 
were alive with Naiadites and its allies, forerunners of the 
Unionidse, and with them lived shelled phyllopods, Estheria 
having already appeared in the Devonian, Leaia appearing in 
the Carboniferous ; and also the larvae of aquatic net-veined 
insects, fragments of the imagines of which were detected by 
Hartt at St. John, New Brunswick. 

The coal-bearing strata are largely fresh-water beds of fine 
shale, and well calculated to preserve the hard parts of delicate 
animals, but on general grounds it is evident that the great 
extent of lowlands with extensive bodies of fresh water com- 
municating with the shallow sea was most favorable to the 
development and differentiation of terrestrial life. Though 
fresh-water and land shells (pulmonates) appeared in the 
Devonian, they were apparently more abundant in the coal 
period. Especially rapid was the incoming of the arthropods ; 
both diplopods, some of them very remarkable forms, and 
chilopods lived sheltered under the bark of colossal lycopods ; 
with them were associated scorpions, harvestmen, and spiders. 
The great profusion of net-veined insects discovered at Com- 
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mentry, Ffance, shows that this was the age of the lower, more 
generalized, or heterometabolous insects, such as cockroaches, 
and other Orthoptera, of Eugereon, may-flies, and possibly 
dragon flies, etc., our wingless stick insects being then repre- 
sented by winged ancestors. At this time also began the 
existence of insects with a complete metamorphosis, as traces 
of true Neuroptera and the elytra of a beetle have been 
detected in Europe. But thus far no relics of flowers or of the 
insects which visit them have been discovered in Carboniferous 
times, not even in the Permian, so that the origin of insects 
with a complete metamorphosis, such as moths, ants, and flies, 
may be attributed to. the new order of things, geographical and 
biological, immediately following the Appalachian revolution. 

We do not wish to be understood as implying that the origin 
of new orders and classes is directly due to geological crises or 
cataclysms themselves. 1 On the contrary, the initial steps seem 
to have been taken as the result of the gradual extension of the 
land masses, and the opening up of new areas ; it was the 
period of long preparation, with long-continued oscillations, 
the slowly induced changes resulting from the reduction of the 
mountainous slopes to peneplains, which were most favorable 
to the gradual modification of forms resulting in new types, the 
gradual process of extinction of useless and senile forms, and 
the modification and renewal of those which became adapted 
to the new geographical conditions. 

It should be borne in mind that this extension of the low 
coasts of the continents began in Ordovician times, but the 
remarkable expansion of our continent after the Appalachian 

1 I find that Wood has already expressed the same idea more fully, as follows: 
" Both in the Paleozoic and Secondary periods, therefore, the complete changes in 
the fauna which marked their termination do not appear to have been immediate 
upon the changes of the geographical alignment, but to have required the lapse of 
an epoch for their fulfillment ; and the completeness of that change is perhaps not 
less the indirect result of the altered alignment, by the formation of continents 
where seas had been, and the opening out of new seas for the habitation of marine 
animals, thereby causing a gap in the geological records so far as they have been 
hitherto discovered, than the direct result of the changed conditions to which the 
inhabitants of the seas, and even those of the land, came to be subject on account 
of the entire change in the alignment of the land over the globe." (Phil. Mag., 
vol. xxiii, 1862, p. 281.) 
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revolution, rather than the upheaval of the plateau itself, so 
favorably affected plant and animal life that at the dawn of the 
Mesozoic a great acceleration in the process of type-building 
was witnessed. Moreover, it seems evident that the variation 
which took place at this epoch was by no means fortuitous, but 
determined along definite lines caused by the definite expansion 
of the continents, and- their resultant topography. 

We have seen that as a result of the folding and upheaval 
of the Appalachians there may have been at the beginning of 
Triassic time, in addition to the tropical lowlands, a somewhat 
cooler upland zone, and possibly even snow-clad mountain 
peaks, with glaciers descending their sides, as we may now 
witness in New Zealand. 

Already on Permian soil reptiles were not infrequent. They 
were generalized composite forms comprising the Proganosauria, 
the forerunners of the Hatteria of New Zealand, and the Therio- 
dontia, from which the mammals are now supposed to have 
been derived. They disappeared at the end of the Triassic, 
together with the labyrinthodonts, from which the reptiles are 
thought to have originated. These reptiles having scaly bodies 
and claws, their habits must have been like those of the lizards 
of to-day, and they were adapted for hotter and drier, perhaps 
more elevated, areas than the stegocephalous amphibians ; and 
these conditions were fulfilled in Triassic and Jurassic times, 
when the reptilian orders multiplied, all the orders of the class 
having been differentiated, or at least were in existence, in the 
Mesozoic era. 

The geographical features throughout the Mesozoic were 
these : more or less dry and broad plains, vast fresh-water 
lakes, uplands clad with coniferous forests afterwards to be 
replaced by forests of deciduous trees ; flower-strewn plains 
overgrown with waving grasses, and jungles with rank growths 
of bamboo. We can, without going into detail, well imagine 
that the geographical features of the Mesozoic continents were 
such as to provoke the appearance of the higher classes of 
vertebrates. As the land rose higher and the low swampy 
coastal areas became more limited, this would tend to restrict 
the habitat of the stegocephalous amphibians ; with a slightly 
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more elevated and drier coast, the incoming and expansion of 
reptilian life were fostered ; with still higher plains and hills, 
besides the increasing abundance of flowers and other seed- 
bearing plants and of the insects which visit them, existence 
for birds became possible, and with them that of a few scattered 
mammals of small size and generalized structure, with similar 
insectivorous habits. 

During the age of reptiles, when they swarmed in every 
jungle, throughout the forests and over the plains, competition 
rose so high that some of them were forced to take flight, and 
bat-like, provided with membranous wings, the pterodactyls 
lived in a medium before untried by any vertebrate, and finally 
there appeared in the Ornithostoma of the Cretaceous a colossal 
flying reptile, its wings spreading twice as much as any known 
bird, with a head four feet in length, its long toothless jaws 
closing on swarms of insects or perhaps small fry of its own 
type. But the experiment, in point of numbers or capacity for 
extended flight, did not succeed. Another type assayed the 
problem with better success. There appeared feathered and 
eventually toothless vertebrates, with the fore extremities con- 
verted into pinions and the hinder ones retaining the raptorial 
reptilian form better adapted for aerial life. They eked out a 
by no means precarious existence on flying insects and seeds, 
as well as on the life in the soil or by the seaside, and rapidly 
replaced certain older reptilian types. The class of birds has 
become about four times as numerous as the reptiles, and 
outnumbers the mammals nearly six times. 

We may now review the zoological changes which took place 
at the time including the end of the Paleozoic and the opening 
of the Mesozoic. There was an extinction of the Tetracoralla 
and their replacement by corals with septa arranged in sixes ; 
an extinction of cystidian and blastoic crinoids, the dying out 
of old-fashioned crinoids and echinoids (Palaeocrinoidea and 
Palseechinoidea), followed by the rise of their more modern 
specialized successors. As rapidly as the brachiopods became 
diminished in numbers, their place at the sea bottom was taken 
by the more active and in some cases predatory bivalve and 
univalve mollusks. As the trilobites became extinct, their 
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place in part was filled by their probable descendants, the 
Limuli, which had already begun to appear, the earliest types 
being Neolimulus, Exapinurus, and other forms of the Silurian, 
and Protolimulus of the Devonian. The Limuli of the Carbon- 
iferous, some with short (Prestwichia and Euproops) and others 
with long tail spines (Belinurus), suggest long possession of the 
soil and consequent variation and differentiation. 

The Eurypterida shared the fate of the trilobites, and while 
there was a thorough weeding out of the more typical ganoids, 
leaving an impoverished assemblage to live on through after 
ages, that singular primitive vertebrate group, the Ostracodermi, 
was wholly obliterated. 

On the other hand, with the incoming of a new order of 
vegetation a great outgrowth of winged insects, the represen- 
tatives of the orders of Lepidoptera and Hymenoptera, now so 
numerous in species, began their existence. 

By the close of the Appalachian revolution, probably all the 
orders of insects had originated, unless we except the most 
modified of all, the Diptera, whose remains have not been 
detected below the Lias. With but little doubt, however, the 
eight orders of holometabolous insects diverged in the Permian, 
if not near the close of the Carboniferous, from some proto- 
neuropter, the progress in the differentiation of genera and 
families becoming rapid either during the Jurassic or directly 
after the lower Cretaceous, or as soon as grasses and deciduous 
trees became in any way abundant. 

Very soon, too, after the close of the revolution, the ancestral 
birds and mammals diverged from the reptiles, and of the latter 
the turtles, plesiosaurs, ichthyosaurs, crocodiles, anddinosaurians, 
and soon after the pterodactyles, came into existence. 

As a result of this revolution the molluscan type was pro- 
foundly affected, as, at the opening of the Triassic, siphoniate 
Pelecypoda, opisthobranchiate Gastropoda, and cuttles or belem- 
nites appeared. While a few orthoceratites lingered on after 
the revolution, the ammonites blossomed out in an astonishing 
variety of specific and generic forms. 

In summing up the grand results of the Appalachian revolu- 
tion and of the times immediately succeeding, we should not 
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lose sight of the fact that the changes in the earth's population 
were due not less to biological than to geological and topo- 
graphical factors. The process of extinction was favored and 
hastened by the incoming of more specialized forms, many of 
them being carnivorous and destructive ; as, for example, nearly 
all fishes and reptiles live on other animals. The struggle for 
existence between those which became inadapted and useless 
in the new order of things went on more actively than at pres- 
ent. The process of extinction of the higher, more composite 
amphibians (the labyrinthodonts) was largely completed by the 
multitude of theromorphs and dinosaurs which overcame the 
colossal Cheirotherium, Mastodonsaurus, and their allies. 1 

During the centuries of the Trias the lowlands became 
crowded, and the reptilian life was forced in some cases to gain 
a livelihood from the sea, for at this time was effected the 
change from small terrestrial reptiles like Nothosaurus to the 
colossal plesiosaurs and ichthyosaurs, in which digitate limbs 
were converted into paddles; and the ocean, before this time 
uninhabited by animals larger than ammonites, cuttles, and 
sharks, began to swarm with colossal vertebrates, the increased 
volume of their new and untried habitat resulting in a tendency 
to a corresponding increase in weight, just as whales, which 
possibly evolved from some land carnivore in the early Tertiary, 
waxed great in bulk, the increase in size perhaps having been 
due to the great volume of their habitat, the ocean. 

Nothing so well illustrates the advantage to an incipient type 
as entering a previously uninhabited topographical area, or a 
new medium, such as the air, in the case of the pterodactyles, 
the first vertebrates to solve the problem of aerial flight. 
Originating and prospering in the early Mesozoic, they held 

1 After writing the above lines I find the same view expressed in Woodworth's 
Base-Levelling and Organic Evolution. He remarks : " The exact cause of their 
decline is probably to be sought in the development of the more "powerful reptilia " 
(p. 225). Regarding the circumstances favorable to reptilian life, he also states : 
" In the development of the peneplain from the high relief of the Permian and 
again at the close of the Jura-Trias, the widening out of the lowland, with plains 
and jungles, near tide-level, followed by depression of the land, must have highly 
favored the water-loving reptilia. It is to these geographical circumstances, I 
think, that we must look for our explanation of the remarkable history of this 
class in Mesozoic times " (p. 226). 
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their own through the Cretaceous, where at their decline they 
became, as in Ornithostoma, colossal and toothless. We can 
imagine that the demise of this type was assisted in two ways : 
those with a feebler flight succumbed to the agile, tree-climbing 
dinosaurs; while the avian type, waxing stronger in numbers 
and power of flight .and exceeding in intelligence, exhausted the 
food supply of volant insects, and drove their clumsier reptilian 
cousins to the wall, fairly starving them out; just as at the 
present day the birds give the bats scarcely a raison d'itre. 

3. The Pacific Coast Revolutions. — It has long been known 
that there are a greater number of insect faunae on the Pacific 
coast, and greater variation of species, with more local varieties, 
than east of the Mississippi River. It has also been shown by 
Gilbert and Evermann, as well as by Eigenmann, to apply to 
the fishes of the Columbia and Frazer River basins. " Nowhere 
else in North America," says the latter, " do we find, within 
a limited region, such extensive variations among fresh-water 
fishes as on the Pacific slope." He also points out the note- 
worthy fact that the fauna is new as compared with the 
Atlantic slope fauna, and " has not yet reached a stage of stable 
equilibrium." As previously shown by Gilbert and Evermann, 
" each locality has a variety which, in the aggregate, is different 
from the variety of every other locality "; and he adds : "the 
climatic, altitudinal, and geological differences in the different 
streams, and even in the length of the same stream, are very 
great on the Pacific slope." 

It is evident that the variations are primarily due to the 
broken nature of the Pacific coast region, and to the isolation 
of the animals in distinct basins more or less surrounded by 
high mountain barriers, with different zones of temperature and 
varying degrees of humidity. 

As brought out by the labors of Le Conte, Diller, and 
Lindgren, the Sierra Nevada region has undergone cycles of 
denudation, and these changes, occurring later than those of 
the Appalachian region, have doubtless had much to do with 
the present diversified and variable fauna. The latest writer, 
N. F. Drake, 1 states that the western slope of the Sierra Nevada 

1 The Topography of California. Journ. of Geo!., vol. v (September and Octo- 
ber. iSqi). pd. =;6v=;78. 
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"was probably once a region worn down almost to base-level 
or to a peneplain. By the uplift of the mountains a great fault 
was developed along the eastern face, and the whole Sierra 
crust-block tilted to the westward. The streams quickened by 
the uplift again set to work on the peneplain and carried it to 
its present condition." 

Le Conte 1 states that the Sierra Nevada was upheaved at the 
end of the Jurassic period. This corresponded to the Appa- 
lachian revolution, which occurred at the end of the Paleozoic 
era. 

But during the long ages of the Cretaceous and Tertiary this range was 
cut down to very moderate height. . . . The rivers by long work had finally 
reached their base-levels and rested. The scenery had assumed all the fea- 
tures of an old topography, with its gently flowing curves. ... At the end 
of the Tertiary came the great lava streams running down the river chan- 
nels and displacing the rivers ; the heaving up of the Sierra crust-block on 
its eastern side, forming the great fault-cliff there and transferring the crest 
to the extreme eastern margin ; the great increase of the western slope and 
the consequent rejuvenescence of the vital energy of the rivers; the con- 
sequent down-cutting of these to form the present deep canyons and the 
resulting wild, almost savage, scenery of these mountains. 

This view is further carried out by J. S. Diller, from his 
studies of the northern part of the Sierra Nevada, including 
the borders of the Sacramento Valley and the Klamath Moun- 
tains. He shows that northern California, during the earlier 
portion of the auriferous gravel period, was by long-continued 
degradation worn down to base-level conditions. " The moun- 
tain ranges," he says, "were low, and the scenery was every- 
where characterized by gently flowing slopes. . . ." 

" The topographic revolution consisted in the development 
out of such conditions of the conspicuous mountain ranges of 
to-day. The northern end of the Sierra Nevada has since been 
raised at least 4000 feet, and possibly as much as 7000 feet, 
and a fault of over 3000 feet developed along the eastern face 
of that portion of the range." 2 

According to Lindgren, the Sierra Nevada was eroded to, or 
almost to, a peneplain during Cretaceous times, and the moun- 

1 Bull. Geol. Soc. Amer., vol. ii, pp. 327, 328. 

2 Fourteenth Ann. Rep. U. S. Geol. Survey, Pt. ii, p. 433. 
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tains elevated in a later Cretaceous period were worn down 
during Tertiary times merely to a gentle topography. 

The other post-Cretaceous changes of this vast region are 
thus summarized by Scott from the results of Pacific coast 
geologists : in the Eocene a long narrow bay occupied the 
great valley of California extending northward into Oregon and 
Washington. At the end of the Eocene or early in the Miocene 
an elevation in California shifted the shore line far to the west. 
In the Miocene the Coast range formed a chain of reefs and 
islands, and at the close an upturning and elevation of the 
mountain range took place, though it became higher afterwards. 
The Coast range sank again early in the Pliocene, and the San 
Francisco peninsula was an area of subsidence and maximum 
deposition forming the thickest mass (58,000 feet) of Pliocene 
in North America. The mountains of British Columbia are 
believed to have been at a higher level than now, as it is sup- 
posed that Vancouver and Queen Charlotte Islands probably 
formed part of the mainland. 

At or near the close of the Pliocene the Sierra Nevada 
increased in height by the tilting of the whole block westward. 
New river valleys, cut through the late basalt sheets of the 
Sierras, are much deeper than the older valleys excavated in 
Cretaceous and Tertiary times, owing to the greater height of 
the mountains and to the consequent greater fall of the streams. 
At this time the Wasatch Mountains and high plateaus of Utah 
and Arizona were again upraised, and the great mountain bar- 
rier of the St. Elias in southeastern Alaska was likewise thrown 
up. At this time also, or perhaps later, the mountains of Brit- 
ish Columbia were probably raised still higher. 1 It will be seen 
from this that the present topography of the western border 
of our continent, including Central America and the Isthmus of 
Panama, belongs to a new topographic era, and fully substan- 
tiates the view that the fauna of these regions is very recent 
compared with that of the Atlantic border, and that the number 
of nascent or incipient species is much greater. 

4. The Upper Cretaceous Revolution. — Another profound and 
epoch-making change occurred at the beginning of the Upper 

1 Journ. Geo!., vol. iv, pp. 882, 894, 897, 898. (Quoted from Drake.) 



No. 381.] A HALF-CENTURY OF EVOLUTION. 663 

Cretaceous. In Eurasia, as Kayser states, "this was one of 
the greatest changes in the distribution of land and water over 
almost the whole earth, that is known in geographical history. 
Extensive areas which had for long periods been continents 
were now overflowed by the sea and covered with Cretaceous 
deposits"; the Upper Cretaceous strata in certain areas in 
Germany and Belgium resting directly on Archaean rocks. In 
America (the Dakota stage) there was also a great subsidence. 
The Atlantic coastal plain was • submerged over what was Tri- 
assic soil, also the lowlands from New Jersey through Mary- 
land to Florida, while the Gulf of Mexico extended northward 
and covered western Tennessee, Kentucky, and southern Illi- 
nois ; a wide sea connected the Gulf of Mexico with the Arctic 
Ocean, and thus the North America of that time was divided 
into a Pacific and an Atlantic land, the latter comprising the 
Precambrian and Paleozoic areas. 

As Scott states : " The Appalachian Mountains, which had 
been subjected to the long-continued denudation of Triassic, 
Jurassic, and Lower Cretaceous times, were now reduced 
nearly to base-level, the Kittatinny plain of geographers. The 
peneplain was low and flat, covering the whole Appalachian 
region, and the only high hills upon it were the mountains of 
western North Carolina, then much lower than now. Across 
this low plain the Delaware, Susquehanna, and Potomac must 
have held very much their present courses, meandering through 
alluvial flats" (p. 481). An elevatory movement began in the 
succeeding or Colorado epoch, and this was succeeded by an 
uplift on the Atlantic and Gulf coasts, and the continued 
upheaval in the interior resulted in the deposition of the Lara- 
mie brackish and fresh-water beds. There were similar wide- 
spread subsidences and upheavals in South America, the 
Andean chain being in large part upheaved at the close of the 
Cretaceous. 

In the Cretaceous period there were such differences in the 
distribution of the fossils as to lead Romer, from his explora- 
tions in Texas as early as 1852, to consider that the resem- 
blance of the fossils of Texas, Alabama, and Mexico, with the 
West Indies and Columbia, to those of southern Europe, were 
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due to differences of climate, a view reiterated by Kayser 
(p. 283). Scott also states that the Lower Cretaceous beds of 
Texas show faunal resemblances which ally them to the Portu- 
gal and Mediterranean beds, while the faunal relations of South 
American Lower Cretaceous strata are closely like those of 
northern and western Africa. 

The biological changes at the beginning of the Upper Cre- 
taceous were correspondingly notable. Vast forests of conifers, 
palms, and especially of deciduous trees, such as the oak, sassa- 
fras, poplar, willow, maple, elm, beech, chestnut, and many 
others, clothed the uplands, while in the jungles, on the plains, 
and in the openings of the forests, gay flowers bloomed. The 
flora must even then have been, comparatively speaking, one 
of long existence, because highly differentiated composite 
plants, like the sunflower, occur in the Upper Cretaceous or 
Raritan clays of the New Jersey coast. It may be imagined 
that with this great advance in the vegetables, the higher 
flower-visiting insects must have correspondingly multiplied in 
number and variety. 

While the changes of level did not affect the abysses of the 
sea, the topography of the shallows and coast was materially 
modified, and to this was perhaps largely due the extinction of 
the ammonites and their allies. 1 It is not impossible that the 

1 After preparing this address, I find that Wood thirty-six years ago more fully 
discussed this matter, and mentions the same cause we have suggested. " This 
disappearance," he says, " of the Ammonitidae, and preservation of the Nautilidae, 
we may infer was due to the entire change which took place in the condition of 
the shores at the close of the Cretaceous period ; and this change was so complete 
that such of the shore followers as were unable to adapt themselves to it suc- 
cumbed, while the others that adapted themselves to the change altered their 
specific characters altogether. The Nautilidae having come into existence long 
prior to the introduction of the Ammonitidae, and having also survived the destruc- 
tion of the latter family, must have possessed in a remarkable degree a power of 
adapting themselves to altered conditions." On the other hand, the dibranchiate 
cephalopods (cuttles or squids), living in deeper water, being " ocean-rangers," 
were quite independent of such geographical changes. Wood then goes on to 
say that the disappearance of the tetrabranchiate group affords a clew to that of 
the Mesozoic saurians, and also of cestraciont sharks, whose food probably con- 
sisted mainly of the tetrabranchiate cephalopods. " Now the disappearance of 
the Tetrabranchiata, of the cestracionts, and of the marine saurians, was contem- 
poraneous ; and we can hardly refuse to admit that such a triple destruction must 
have arisen either from some common cause or from these forms being succes- 
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uncoiling of the ammonites into forms like Scaphites, Crioceras, 
Helioceras, Turrilites, and Baculites, were originally perhaps 
distortions due to physical causes somewhat similar to those 
which produced a loosening or uncoiling of the spire in Pla- 
norbis. These variations or distortions of the pond snail, signs 
of weakness, the result either of pathological conditions or of 
senility, were due to unfavorable changes in the environment, 
such as either a freshening of the water or some other chemical 
alteration in the relative amount of alkalines and salts. The 
changes in the ammonites, though more remarkable, are simi- 
lar to the aberrations observable in the shells of the upper 
and later layers of the Steinheim deposits, made known to us 
by Hilgendorf, Sandberger, and more especially by the detailed 
and masterly researches of Professor Hyatt. 

In this case the Miocene Tertiary Planorbis Icevis was sup- 
posed to have been carried into a new lake, before untenanted 
by these shells. Although from some unknown cause the lake 
was unfavorable to the production of normal /avis, whose 
descendants show the results of accidents and disease, yet, 
owing to isolation, which prevented intercrossing with the 
present stock, and to the freedom from competition, the species 
was very prolific, and the lake became stocked with a multitude 
of more or less aberrant forms constituting new species. Some 
of them are nearly normal, with a flat spire, others are trochi- 
form, and others entirely unwound or corkscrew- shaped. Simi- 
lar aberrations occur in Planorbis complanatus, living in certain 
ponds in Belgium (Magnon) ; in the slightly twisted planorbid 
Helisoma pexata Ingersoll of St. Mary's Lake, Antelope Park, 
Colorado, and in the unwound forms of Valvata first found by 
Hartt in Lawlor's Lake near St. John, New Brunswick, and 
described by Hyatt. 1 In all these cases of parallelism or con- 
vergence the aberrations seem to have been due to some 
unusual condition of the water adverse to normal growth. 
Hence, it is not impossible that the singular uncoiled or 

sively dependent for existence upon each other." He also suggests that the 
development of the cuttles "has been commensurate with that of the cetacean 
order, of some of which they form the food." (Phil. Mag., vol. xxiii, 1862, p. 384.) 
1 Ann. Rep. Hayden's U. S. Ceo/, and Geog. Survey Territories. 
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straight forms assumed by certain of the ammonites when on 
the verge of extinction were likewise cases of convergence, and 
due to weakness or senility, or at least to an unusual and 
unfavorable condition of the seas in which they lived. 

The physical causes of extinction of the Mesozoic reptiles 
may also have been due to, or connected with, the changes of 
coast level, although signs of weakness and senility are exhib- 
ited by these. In the Como'or Atlantosaurus beds referred 
by Scott to the Lower Cretaceous rather than Jurassic, the 
ichthyosaur {Sauranodon natans) was toothless, while the colos- 
sal Cretaceous pterodactyle Ornithostoma (Pteranodon) was 
entirely toothless. 

The colossal Pythonomorpha, offshoots of terrestrial lizards, 
but with paddles adapting them for marine existence, succeeded 
the plesiosaurs, and may have materially aided in their extinc- 
tion. Hence arises the question, Did the extinction of the 
marine reptiles result in, or contribute to, the great increase of 
teleost fishes ? 

Before the dinosaurs began to die out, the type in part 
became specialized into lizard-like, tree-climbing forms, and 
agile, bird-like forms. The first birds of the Cretaceous were 
toothed, carinate, highly predaceous forms, with a retrogressive 
side branch of wingless diving birds, represented by the colossal 
Hesperornis, but in this case the loss of teeth was undoubtedly 
a gain to the type, compensation for the lack of a dental arma- 
ture in the seed-eating birds being shown in the elaboration 
of a gizzard. 

5. Geological Changes in the Tertiary. — Here again we 
have, as in former periods, a succession of earth movements, 
subsidences in one region and elevations in another, though 
apparently more limited in extent than before, the oscillatory 
movements being rather confined to coastal areas, and involv- 
ing adjacent shallow seas, there being frequent alternations 
of marine with brackish and fresh-water beds. As Kayser 
remarks, the Tertiary deposits " no longer extended unaltered 
over whole countries like those of older systems, but generally 
occupied only smaller basin or bay-like areas, filled-up inland 
seas or shallow gulfs" (p. 328). Towards the close of the 
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Tertiary the great mountain ranges of Asia and Europe, the 
Alps, Pyrenees, Caucasus, Himalayas, as well as the Atlas, 
and the Cordillera of North and South America were upheaved. 
The old Tertiary nummulitic beds were, in the western Alps, 
raised to a height of 11,000 feet, and the Himalayas to a hori- 
zon 16,000 feet above the sea, while there were correspond- 
ing elevations in western North America and in the Rocky 
Mountain region. 

The evidence from fossils shows, what has not been disputed, 
that climatic zones were by this time established. In Europe 
the older Tertiary was decidedly tropical, in the Miocene sub- 
tropical, but the climate of Europe was somewhat lowered late 
in the Miocene, as shown by the absence of palms. 1 At the 
end of the Tertiary, i.e., during the Pliocene, the earth's climate 
was but slightly warmer than at present. It should be here 
noticed that while Greenland, Iceland, Spitzbergen, and Grin- 
nell Land under 81 ° north latitude were during the late Ter- 
tiary "abnormally warm," the Tertiary floras of northeastern 

1 Jaeger suggests that the occurrence in the later geological periods of warm- 
blooded vertebrates, protected by feathers or hair, was due to the fact that the 
earth then became cooler than in, the preceding ages. His explanation of the ori- 
gin of feathers and hair is as follows : " If the average temperature of an animal 
body is considerably higher than that of the surrounding media, oscillations of 
these media have a stimulating effect upon the skin of the animal. This leads to 
a tendency to form papillary chorian [sic] cells, and these afterwards produce hair 
or feathers, which represent two of the most characteristic features of warm- 
blooded animals." He adds that this " stimulatory effect upon the skin can only 
be due to low temperatures." The body temperature of the birds and mammals 
being high, and the covering of the hair or feathers rendering them proof against 
the extremes of heat and cold, we can see that there is a coincidence between this 
and the fact that these classes began to increase in numbers towards the end of 
the Mesozoic, and especially at the opening of the Tertiary, when the climatic 
zones began to be established. So also in the case of whales the loss of hair is 
compensated for by the blubber. Why, however, feathers developed in birds, 
rather than hair, is a problem no one has attempted to solve ; though feathers of 
course better adapt the bird for flight ; no flightless birds having such well-devel- 
oped feathers as those capable of extended flight. See G. Jaeger, Problems df 
Nature, translated by Henry G. Schlichter, D. S. C, p. 66. London, 1897. 

It might be suggested that the broad, vane-like surface which characterizes 
feathers as compared with hairs may have been due to the fact that they would 
better support the body in flight ; this difference from scales, as well as their 
greater lightness, giving this sort of armature an advantage over scales on the one 
hand and hairs on the other. 
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Asia, including those of Kamtchatka, Amurland, and Sagha- 
lin, and that of Japan, " show no sign of a similar warmth, but 
rather point to a climate colder than that of the present day " 
(Kayser, p. 3S4)- 1 

The Tertiary was apparently also a time of more or less 
intercontinental migrations or interchange of life-forms, which 
crossed the oceans over so-called continental bridges. Bering 
Strait was at one time such a bridge, and to explain the geo- 
graphical distribution of certain forms, there is thought to have 
been a more or less continuous land connection between India 
and Africa, and between Africa and South America, and pos- 
sibly in the Eocene, between Australia and southeastern Asia. 

However hypothetical these continental bridges may be, we 
do know that Central America and the Isthmus of Panama 
were elevated at the end of the Miocene, and that the bridge 
thus formed between North and South America became an 
avenue for the interchange of mammals and other animals 
which materially modified the distribution of life in the south- 
ern and northern parts of our continent. 

The elevation of the West Indies took place at this date, 
and these islands were peopled from the South American 
coast. What we already know of the rapid evolution of mol- 
lusks, insects, and mammals on these islands shows how closely 
dependent variation and adaptation are on isolation as well as 
changed topographic and climatic features. 

These problems have been studied with great care in the 
Hawaiian Islands by Gulick, and more recently by Hyatt. As 
well stated by Woodworth : " With the development of the 
umbrella-shaped topography of the Island of Oahu the land 
shells have varied from a common ancestral coastal type to 
valley-cradled, differentiated varieties, in the upper and dis- 
jointed valleys of this dismantled, volcanic island cone." 2 

The limits of this address do not permit us to treat at length 

1 It has also been claimed by J. W. Gregory that the fossil plants of the Green- 
land Miocene beds may have been drifted from the southward, and that the tem- 
perature of the polar region was not so elevated as Heer has led us to suppose. 
{Nature, vol. lvi, 1897, p. 352.) 

2 The Relation between Base-Leveling and Organic Evolution : referring to 
T. T. Gulick's article in Proc. Boston Soc. Nat. Hist., vol. xxiv (1870), pp. 166, 167. 
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of the wonderful changes, both geological and zoological, which 
occurred in western America during the Tertiary. They are 
now familiar to every one. The geological changes were very 
great and widespread, as shown by the elevation of the land at 
the close of the Miocene. Fragments of the Cretaceous sea 
bottom, with horizontal strata, occur in the Rocky Mountains 
at a point about 10,000 feet above the sea. The inland Creta- 
ceous sea was drained off, and replaced by a series of fresh- 
water lakes, beginning with the Puerco, or the lowest Eocene, 
and ending with the Pliocene lakes. 

The most salient biological features of the Tertiary are the 
apparently sudden appearance all over the world of placental 
mammals, ending, if the deposits are truly Pliocene, with the 
Java Pithecanthropus, and at the beginning of the Quaternary 
with paleolithic man. 

The question here arises as to what retarded the progress in 
the mammalian types, although small, generalized, feeble insect 
eaters had originated certainly in the Triassic, and probably as 
early as the end of the Permian. We can only account for it 
by the unfavorable biological environment, by the apparently 
overwhelming numbers of Mesozoic reptiles, adapted as they 
were for every variety of station and soil, whether on land, in 
the ocean, in the lakes and rivers, and even in the air. 

When the reptiles became partly extinct, a great acceleration 
in the evolution of mammals at once resulted. There were 
now upland grassy plains, bordered by extensive forests, which 
also clothed the highlands, and all the geographical conditions 
so favorable to mammalian life became pronounced after the 
Cretaceous seas were drained off. 

In his admirable essay on The Relation between Base-Level- 
ing and Organic Evolution, which we had not read until after 
planning and writing this address, though following the same 
line of thought, Mr. J. B. Woodworth suggests that mammalian 
life in the Mesozoic was unfavorably affected by the peneplain 
and by reptilian life. 

"The weak marsupials or low mammals, which first appear in this 
country with Dromatherium in the tolerably high relief of the Trias, were 
apparently driven to the uplands by the more puissant and numerous 
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reptilia of the peneplain. Their development seems also to have been 
retarded." Again he says : " To sum up the faunal history of the Mesozoic 
alone, we have seen that pari passu with the creation of broad lowlands 
there was brought on to the stage a remarkable production of reptiles, a 
characteristic lowland life ; and we note that the humble mammalia were 
excluded from the peneplain or held back in their development, so far as 
we know them by actual remains, during this condition of affairs until 
the very highest Cretaceous. At the close of the Mesozoic, the area of the 
peneplain was uplifted and there came into it the new life. Not only the 
changed geographic conditions, but the better fitted mammalia also were 
probably factors in terminating the life of the peneplains." ' 

After the placental mammals once became established, as 
the result of favorable geographical conditions of migrations, 
isolation, and secondarily of competition, the evolution as well 
as the elimination of forms, as is well known, went on most 
rapidly. Remains of over two thousand species of extinct 
mammals during Tertiary times which existed in America north 
of Mexico have been already described, where at present there 
are scarcely more than three hundred. This process of spe- 
cialization involved not only the lengthening of the legs, the 
change from plantigrade to digitigrade, and to limbs adapted 
for seizing and handling their prey or food, or for swimming 
and climbing ; the reduction of digits ; the evolution of arma- 
tures, protective scales, etc. ; but above all an increase in the 
mental capacity of the later forms, not only of mammals but 
of birds, as shown by the progressive increase in size of their 
brains ; those of certain existing mammals being eight times 
as large, in proportion to the bulk of the body, as those of 
their early Tertiary ancestors. This, of course, means that 
animal shrewdness, cunning, and other intellectual qualities, 
the result of semi-social attrition and competition, had begun 
to displace the partly physical factors, and in the primates 
these may have in the beginning led to the appearance of man, 
a social animal, with the power of speech, and all the intel- 
ligent, moral, and spiritual qualities, which, perhaps, primarily 
owe their genesis to increased brain power. 

The three most specialized types of mammals below men 
are the horse, the bats, and the whales. In the case of the 

1 American Geologist, vol. xiv (October, 1894), pp. 209-235. 
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bats, which appear in the Eocene, nature's experiment with 
these mammalian aeronauts succeeded to the extent that they 
still exist in small numbers. Late in the Cretaceous or very- 
early in the Eocene, competition apparently forced some 
unknown carnivorous type to take up an aquatic life, and the 
great success of the incoming cetacean type, resulting in the 
Eocene zeuglodonts and Miocene squalodon, may have had 
an influence on the final extinction of the colossal marine 
reptiles. 

6. The Quaternary Period. — Coming now to the glacial 
epoch of the Quaternary period, we plainly see that under the 
extreme conditions to which life in the Northern hemisphere 
was exposed as never before, how intimate are the relations of 
geology and biology. 

The rise of land at the beginning of the Quaternary, which 
carried the land and the life on it up into a cooler zone, with a 
mean temperature so low that the snows remained from century 
to century unmelted, forming continental glaciers, excited an 
immediate influence on the life. There were very soon devel- 
oped a circumpolar flora and fauna, originating from the few 
Pliocene forms, which became adapted to climatic conditions 
more extreme than ever before known in the world's history. 
While a few forms thus survived, some must have perished, 
though the bulk of them migrated southward. 

The story told by the Port Kennedy hole, in Pennsylvania, 
just south of the limits of the ice sheet, is a most striking one. 
In that assemblage where are intermingled the bones of mam- 
mals of the Appalachian subprovince, with certain extinct 
forms, and those of the tapir and peccary and colossal sloths, 
adapted to the warmth of the Pliocene, and of the present 
Central American region, we can realize as never before the 
immediate effect of a simple though very decided change of 
climate on organic life. 

As a result of the submergence of the land in the North 
Atlantic and Arctic regions during the Leda or Champlain 
epoch succeeding, and the consequent amelioration of the 
climate, there was a return of a portion of the Pliocene species 
to the vast area thus freed from the presence of land ice. 
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Another effect of change of climate due to the further 
upheaval, drainage, and drying up of lakes and river sources in 
the central portions of all the continents was the destruction 
of forests resulting from the drying up of the lakes and streams, 
the formation of vast internal desert regions, with the desert 
floras and faunae and saline animals peculiar to them ; these 
are the last steps in geological history of the origination of 
species, and have been taken almost under the observation 
of man. In the origin of species adapted to desert areas and 
to salt lakes, faunae relictcz of the lakes on the elevated plains 
of Asia, South America, Africa, Sweden, and the Great Lake 
region, we see that geographical isolation and the absence of 
competition are the primary factors in the case. 

In conclusion, it is, from the nature of the case, notwith- 
standing the imperfection of the geological record, apparent 
that the fullest, most complete and convincing proof of organic 
evolution is derived from the past history of life, from paleon- 
tology, which involves the fact of geological succession. 
Looking back for half a century, we see that organic evolution 
is a fact, and is grounded and dependent on geological evolu- 
tion, and the latter on cosmical evolution. Should we ever 
have to abandon the principle of evolution, we should also have 
to give up the theory of gravitation, the principle of the cor- 
relation of physical forces, and also the conception of the unity 
of nature. All of these principles are interdependent, and 
form the foundation stones of our modern science. 

The rapid summary we have given of the successive changes 
and revolutions in the earth's history, and the fact that they 
are accompanied or followed by the process of the extinction 
of the unadapted, and their replacement by the more special- 
ized and better adapted, show that there is between these two 
sets of phenomena a relation of cause and effect. 

Moreover, it cannot be denied that the formation of our solar 
system in the manner outlined by the founders of the nebular 
hypothesis, that the progressive changes in geology and the 
earth's topography, the gradual building up or evolution of 
the continents, and the increasing fitness and intelligence of the 
life on its surface, the final outcome being man, whose physical 
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development was practically completed at the beginning of the 
Quaternary period, and whose intellectual and moral improve- 
ment have, as it were, but just begun — the scientist, as such, 
can scarcely deny that this process of evolution, along so many 
lines and involving not only material but mental and moral 
advances, has gone on in an orderly and progressive way. The 
impression left on the mind is that all these changes, inorganic 
and organic, have been purposive rather than fortuitous, the 
result of the action of natural laws, impressed on matter by an 
intelligence and force outside of, but yet immanent in, all 
things material. 

With Hutton we may say : "We have now got to the end of 
our reasoning ; we have no data further to conclude immedi- 
ately from that which actually is. But we have got enough, 
— we have the satisfaction to find that, in Nature, there is 
wisdom, system, and consistency." 

Here, as men of science merely, we may pause and confess 
our ignorance of the first or ultimate cause of this progressive 
evolutionary movement pervading the material universe, and, 
suspending our judgment, assume an agnostic position. But 
the human mind, even when rigidly scientific and logical, is so 
constituted that few of us are satisfied to stop here. He who 
is most capable of daring speculation in the realm of physical 
or biological or philosophical thought cannot refrain from 
inquiring into the nature of the first or moving cause, and how 
the present order of things has been brought about. 

As a mere working hypothesis, we are, at least most of us, 
compelled to assume that the present order of things, material 
and immaterial, is not self-evolved, but is the result of an 
infinite Intelligence and Will, giving the initial impulse, and 
dominating as well as guiding and coordinating the progressive 
changes, whether cosmical, geological, or biological. The fact 
of the survival of the fittest, of the extinction of the unfit, the 
conclusion that throughout the universe order has arisen from 
chaos or the undifferentiated, the specialized from the general- 
ized, that the good and beautiful and true have in the past 
overcome and will continue to outweigh what is unfit and evil 
in matter, mind, and morals, at least strongly suggests that the 
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First Cause is not only omnipotent, but all-wise and beneficent. 
For evolution tends to optimism. Few working biologists are 
pessimistic. And thus, while science as such is concerned with 
facts and their relations, we can, at the end of this century of 
scientific effort, affirm that it need not be and is not opposed 
to whatever is noble, exalted, hopeful, and inspiring in human 
aspirations, or to the yearnings of the soul for a life beyond 
the present ; for there certainly are, in the facts of the moral 
and spiritual evolution of our race, intimations of immortality, 
and suggestions, where absolute proof is naturally wanting, of 
a divinity that shapes the course of nature. 



